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SOME RICTURES SAY A THOUSAND VVORDS. 
OTHERS SAY MORE. 


WE SALUTE THE HUBBLE SPACE TELESCOPE ON.ITS 25™ ANNIVERSARY. 


April 24 marks 25 years since the Hubble was launched into orbit r 
and forever changed what we know about the universe. Celebrate Space 
the milestone at Kennedy Space Center Visitor Complex, where inter 
you can View a full-sized Hubble replica, watch Hubble 3D on ae 
PL K 


IMAX® and experience awe-inspiring Hubble images. It's a fitting ALAN 
tribute to the first of NASA's great observatories. TourKSC.com 
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‘The Hubble Space Telescope 
recently revisited the Eagle 
Nebula's famous “Pillars of 
‘reation,” capturing the iconic 
star forming region withits, 
newest camer 
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FROM THE EDITOR 


BY DAVID J. EICHER 


wenty-five years ago, 
NASA launched what 
promised to be the 
world’s greatest astro- 
‘nomical instrument, 
the Hubble Space Telescope. 
‘And then, shocked and 
stunned when they found the 
‘optics tobe flawed, engineers 
devised a way to fit Hubble 
with corrective lenses, trans- 
forming it into a machine 
that has rewritten our under 
standing of the cosmos. 

‘This special issue exam- 
ines the legacy of the instru 
ment th 
years, has contributed more 
revolutionary abservations 


ina span of 25, 


than ai 


lelescope that pre: 
ceded it I's fitting that a 
‘quarter-century of ground: 
breaking science gives way 
ton examination of 
Hubble’ triumphs, Our 
package delivers some pretty 
‘good stuff. Astronomer 
Mario Livio writes about the 
‘greatest scientific discoveries 
rade using Hubble. Seience 
writer Ben Evans details the 
five servicing missions that 
repaired and then kept 
Hubble going. Contributing 
Editor Liz Kruesi reveals the 
ways in which the telescope 
changed our culture forever. 
“And Senior Editor Richard 
‘Talcott delivers a portfolio of 
Hubble's greatest images. 

We also have a special 
‘online package built around 


deep legacy 


4a Hubble story I wrote, 
How the Hubble Space 
‘Telescope changed the cos 


mos,” with interactive 


‘graphics, slide shows, videos, 
and more, and you can see it 
at www.Astrono: 
Hubble25, 

With the launch of the 
James Webb Space Tele- 
scope, in some senses a suc 
cessor to Hubble, looming 
‘on the horizon, it's a fitting 
time to look back. Hubble 
thas at least several years let 
but if not captured in orbit 
‘or serviced again, it will 
reenter the atmosphere, 
breaking apart and falling 
back to Earth, 

‘The astronomer who gave 
Hubble its name, Edwin, 
Powell Hubble, was born in 
Missouri in 1889, Growing. 
up in Ilinois, Hubble 
attended the University of 
Chicago belore becoming « 
Rhodes scholar. The decade 
‘of the 1920s saw Hubble's 
bigg 
ments. Discovering a 
(Cepheid variable star in the 

‘spiral nebula” M31, now 
known as the Andromeda 
Galaxy, Hubble found evi- 
dence that the universe is 
larger than just the Milky 
Way Galaxy and defined the 
nature of galaxies. 

Onastaffnote, please 
help me welcome our newest 
associate editor, Korey 


est scientific achieve 


Follow the Dave's Universe blog: 


www Astronomy 


1.com/davesuniverse 


Follow Dave Eicher on Twitter: @deicherstar 
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Haynes. She comes to 
“Astronomy magazine fresh 
from an astronomy Ph.D. 
program at George Mason 
University in Virginia 
Haynes spent most of her 
time in grad school at 
NASA's Goddard Space 
Flight Center, studying exo- 
planet atmospheres and 
looking for water on alien 
worlds. In addition to 
research, she was a writer for 


Korey Haynes nunca 


Astrobites, a blog that posts 
daily summaties of astron. 

‘omy journal articles, 
also enjoyed volunteering at 
the Smithsonian’ National 


snd she 


‘Air and Space Museum with 
their Public Observatory. 
Progi 

‘Wete delighted to have 
Haynes join the staff, and 
look for her many contribu. 
tions in upcoming issues, 


Yours truly, 


Cae 


David J. Eicher 
Editor 
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cosmic cash 
‘group of physicists got 
a share of the $3 milion 
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EnginersatLoctheed 
ortinhave started 


GROUND GAME 
Forthe fist time, 
sclemsts detected 3 
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How the 
Moon 
formed 


Planetary scientists believe 
the Moan resulted from a 
giant whack Earth exper 
enced from a now-gone 
planetesimal, Theia 


When we walk outside at night 
and look skyward, is usually 
the Moon, our planet's natural 
satellite, that first catches our 
eye. The fifth-lar 
the solar system, the Moon is 
‘one of the largest in relation to 
its parent body. 

Called the Giant Impact 
Hypothesis, the accepted story of 
the Moon's formation suggests 
that 4.6 billion years ago, to 
planets floated in the space now 
‘occupied by the Earth-Moon 
system, Proto-Earth had 50 to 90 
percent of is current size and 
mass, and a Mars-sized planet 
also existed, one that astrono- 
mers now call Theia (in Greek. 
mythology, mother of the Moon 
‘goddess Selene), 

Planetary scientists believe 
some 4.53 billion years ago, 
‘Theia struck Barth, creating @ 
short-lived ring of debris that 
accreted into the Moon. The 
majority of Thelas mass accreted 


st moon in 


i 


Astronaut im Irwin salutes the US. fag during the Apalo 1$ mission in 197 


{nto Earth's mantle, The ev 
dence for this scenario comes 
from Apollo rock samples, which 


contain nearly identical oxygen 
isotopes as those found in Earth 
racks, But the story doesn't end 


there. Where did Theia go? 
You're standing on i. 
— David . leher 
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STRANGEUNIVERSE 


BY BOB BERMAN 


Dark vs. super 
dark 2:23" 


ecturing takes me to 
star parties around 
the US.ItSfuntosce ing 
what excites backyard 
astronomers, and I fel 
honored to look through home- 
‘built telescopes. Yet interest 
ingly, many of these gatherings 
are held under skies that are 
‘good — but not excellent, 
‘This isnt a criticism. In 
three northeastern states the 
‘most rural possible location is 
still within 30 miles (0 kilo 
meters) ofa city, producing 
bbright glows in multiple direc 
tions. This is a central issue 
and battle cry far organizations 
like the International Dark-Sky 
Association, which tirelessly 
ries to limit waste lighting and 
unshielded yard lights 
Since Lalso lead annual over 
seas trips o perfect sites in des- 
ertsand such, 'm keenly aware 
‘of the dark skies issue, to which 
‘we can all relate. Strangely 
‘enough, in all these years i's 
never been this column’ main 
topic. But it now comes vividly 
to mind because of something 
that happened lastnight. 
was midnight, and I couldn't 
sleep, so walked out tothe 
‘meadow behind my house in a 
bathrobe and bare fet. The cold 
dewy grass was uncomfortable, 
‘but the moonless sky erased all 
bbody-awareness. Normally my 
‘rural area has good — but not 
superb — skis, yet something 
‘odd unfolded lastnight. Maybe 
‘twas the extraordinarily dry 
air In any case, Iwas given a 
reminder of the dramatic differ 
tence between skies that are good. 
and those that are outstanding 
Outstanding conditions pro- 
vide an unusual experience. A 


strange one, truth be told. The 
firmament becomes so amaz- 
and Tm talking naked: 
eye — that it's worth time and 
expense to travel to experience 
it. Weeall know where such con. 
ditions may be found, Southern 
Arizonals Organ Pipe Cactus 
‘National Monument. The west- 
fern states far from any town. 
‘The White Mountains of New 
Hampshire, Upstate New York's 
Adirondacks. love to hear 
about your favorites, 

Outside the US., many 
abound. Chile's northern half 
‘Australia’s Outback. The Sahara 
‘The Persian desert southeast 
of Isfahan — alas, not a good 
travel idea these days, which isa 
shame because the Iranians gen: 
erally like Americans and love 
astronomy. Here's a quick guide 
to what happens. 


In poor urban skies, the 
Little Dipper only has two stars, 
maybe three if you can glimpse 
3rd-magnitude Gamma ()) 
Ursae Minoris 

Tn the near-city suburbs, 
about 130 stats appear across the 
sky at any given time, but there's 
no sign of the Milky Way: 

In the farther-out subusbs, the 
Milky Way appears dimly. The 
Lite Dipper has five or sx stars 

In good rural regions, the 
Little Dipper displays all seven 
starsand the Milky Way is clear, 
its rifts showing conspicuously 
‘The Andromeda Galaxy (M31) 
fs obvious. 

In very good rural skies, 
(Orion's Belt is embedded in 


OUTSTANDING CONDITIONS PROVIDE 
AN UNUSUAL EXPERIENCE. 


FROM OUR INBOX 


Educating our youth 

‘While I always enjoy Astronomy magazine, the opening pages 
‘of the October issue, in particular, ad an exceptionally wel- 
come effect on me, “Separating fac and fiction” (p. 6) by Editor 
David J. Eicher was a genuine piece of visionary thinking! 

In my view, Eicher nailed a major dilemma of our modera 
culture and the goal toward which we should, and can, aspire. 
‘We do live ina society where “we are immersed in a constant 
stream of entertainment” and where both the younger and older 
{generations celebrate “the trivial . not caring for the meaning. 
ful," ashe aptly pus it, But, indeed, we ean overcome these ten- 
dencies by educating our youth to focus their energies on 
‘realizing “where we are and why we are here: 

Eicher strikes a resonating chord by challenging us to call 
‘orth our human potential and liberate ourselves to contribute to 
“great forward-moving civilization ofthe future These mus- 
ings bring to mind a piece of wisdom reaching us from over a 
century ago from the Orient, the words of Bahs'u'lah (1817~ 
1892); “All men have been created to carry forward an ever- 
advancing civiltzation.” —Partow tad pla, ind 


innumerable fant stars, the 
Milky Way isthe most prominent 
feature of the heavens, and the 
Hercules globular ML3 is steady. 
doesn't merely come and go. 

Now here’ the difference 
as we jump up to outstanding 
skies. I's not subtle, In such 
conditions, constellations are 
initially confusing because so | skies are not truly black. Air 
many stars pepper the scenery. | glow, caused mostly by solar 
‘The Milky Way “pops” and ultraviolet, is always present. It 

bates the unpolluted country 
side with five times more light 
than all the stars combined. It 
looks brightest about 10° above 
the horizon, Unless you're 
under a canopy of trees (and 
what would be the point of 
that), it ets you always see well 
‘enough not to stub toes, once 
‘eyes adapt to the dark. 

‘Ah, what wonder! I's evoca 
Live of whatever got us hooked 
‘on astronomy in the begin 
ring, It til awaits, True, these 
places ae often farther away 
than in the old days. They usu 
ally entail time and expense, 
But not lastnight, when I got 
‘gift. And who do I thank? 
Insomnia? 

must be insomnia, @ 


sky nature designed. Its 
superior to the view astronauts 
{get in space. Up there, stars are 
dim because of the four thick 
‘glass layers in space station 
portholes, while spacewalkers 
rust peer through visors of 
polycarbonate plastic. 

But these premier earthly 


totally dominates the sky dome. 
Iteasts shadows, It does not have 
rifts or splits. Instead, intricate 
inky nebulae become the night's 
most prominent feature. Black 
crablike tentacles of abstract 
art— numerous filaments and 
sharp-edged blotches — form 
distinct cameos in front of the 
brilliant Milky Way. These 
ebony structures, I rediscovered 
last night, are so detailed and 
3-D-seeming, they're the most 
in-your-face aspect of the night. 
Andromeda is up, the large 
round Pinwheel Galaxy (M33) 
dimly comes and goes in its 
vicinity, Fourteen Pleiads ean 
be counted, though three may 
blink in and out. This is the 


Contact me about 
iy strange universe by visiting 
hhttp:/skymanbob.com. 


VE AT www. Astronomy.com 
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‘TSUNAMISIGNAL, 
Asot November, 
Voyager ilustated 
het, stil feeling the 
tffects of age shod 
wave that originally 
‘etecteg ast Febuary. 


VOYAGER 1 EXPERIENCES 
LONG-LASTING SHOCK WAVE 


hen the Voyager 1 spacecraft 


passed the realm of the planets 
and headed toward interstel: 
lar space, scientists coulda't be 
sure what to expect. After all, Uhis was a 
new frontier of space exploration. And 
according to the University of lowals Don 
Gurnett, who presented new Voyag 
data December 15 at the American 
Geophysical Union meeting in San 
Francisco, the interstellar medium the 
spacecratt officially entered in 2012 has 
bad its surprises 
Since Octaber 2012, Voy 
experienced thre 
shock waves occur when a wave of pres 


has 


‘tsunami waves.” Such 


sure from a coronal mass ejection — a 


huge explosion of plasma from the Sun 
— runs into the interstellar plasma that 
exists between the stats. The first wo 
tsunami waves Voyager detected lasted 
around a month each, but the spacecraft 
was still feeling the effects of one that 
began in February 2014 as of November. 
In that time, Voyager traveled 250 million 
riles (400 million kilometers) 

“Most people would have thought 
the interstellar medium would have 
been smooth and quiet,” Gurnett said in 
December. "But these shock waves seem 
tobe more common than we thought.” In 
addition, scientists are stil not sure what 
the length of the most recent tsunamt 
wave means. — Ka Fern 


THE “NEWSIEST” 
ASTRONOMY WORDS 
IN 2014 


“ae eae 


ane J ALS 


exxoplanetse 


jaxy telescope ii. 
first 9225, asteroid we 


“The Rosetta missionto 
Comet 67P appeared in 25 


news stores, while the Curiosity 
Mars rover appearedin 16. 


pate 


comet srrosstia 


findnasa 


FREQUENT FINDS. Inthe January sue, Astronomy counted down the bagest news stories of 2014, but 
what about the topes that mor frequently appesred inthe years headlines This diagram shows the 100, 
‘most popular words in Aetronomnyom nev eadinesn 2014, wth each words ae propavonal tthe 


umber 
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BRIEFCASE 


‘TITAN'S DUNES CREEP SLOWLY 
Inswo independent papers published online December 
Bin Wature and Nature Geosience, eenties announced 
that surprising wins scp the dunes of Satu’s moon 
Tan. Most Titans winds Blow fram te eae but ony 
the stronger intermittent westerly winds can 
heave the dunes’ massive weight Sle found that 
the dunes morph only over messes of round 3000 
‘Saturn years about 8000 Earth year meaning the 
process estes tolang-term climate change far beyond 
the cjles of tides or seaeon 


PLANCK SHEDS LIGHT ON DARK MATTER 
Scat have finshed analying data rom the European 
Space Agency: Planck satelite, which observed between 

000 and 2013 The team announced December that 

thy arenow ableo rule aut an entire ls of dark mat 
tercandidates. These particular candidate ar known for 

‘arkmatter antimatter nnlstion, which would man: 

fertobserabe cosmic rye While oer expriments 
have found cosmic ray excesses they tentatively at 

Ute tedster anni, Planck agrees nd 

attbuts tess toler not source such put, 


NASA GETS BUDGET BOOST 
Congress raised NASA’ budget? percent December 9,10 
‘blo, The cence misslondrectrate n particular, 
received an almoet hundred millon dlrs, wth 
planetary sclence geting 3 lg boost Earth scence und 

ing remained fat, while human spaceight recived 
strong support both for prvstacammpanes kz Spacak 
and NASR on Space Launch System rocket nd Onion 
‘cow capsule Overtuning the White House's suggested 
ncelaton, Congress aso decded ta contrue funding 
SOFIA, NASA' infrared telescope that lesa ts own 
‘modified Bocing 747, — Korey Haynes 


25 years ago 
in Astronomy 


Inthe Api 1990 isue of 
Astronomy, spacecraft 
Galea had recently blast. 
sdf rom Earth and was 
five years away from ts 
Jupiter rendezvous Joe! 
Haris spoke with project 
‘cits about the mis 
sions potential to revo 
tinge our understanding 
of uniter Wory abound 
fedforallthe stepsyet to 
ome, but Galle veda 
long and scientifically 
prosperous if around 
Jupiter unt 2003, when it 
plunged nobiy int the 
Btmatpher tits demise. 


10 years ago 
in Astronomy 


tn i 2005, Huygens 
had recantly touched 
dwn onthe surface 

of Titan Senior Ester 
Richard Talat spoke 
with mission scent 
via share thelrexce 
rmentand rele over 

the probe's successful 
landings partner 
spacecraft, Cassin spent 
semonths orbiting 
Satur before dropping 
Huygens down tthe 
surface of Satur’ arg 
testmoon whet itd 
‘covered methane springs 
andeivers, KH. 


homers used the twin Keck Telescopes in Hawaii to survey dust around 50 mature Sun-ike 


ASTRONEWS ‘arsyscirsetrtyeososctentavard foam tat mighthrtrife 


Rosetta refreshes debate on Earth's water 


‘The European Space Agency announced December 10 
that its Rosetta spacecraft had measured water vapor 
from Comet 67P/Churyumov-Gerasimenko and found 
that itis much heavier — by factor of three — than 
the water in Earth’ oceans. The “heaviness” of water 
isa measurement of how many of the Hsin H,0 have 

a proton and a neutron (deuterium) compared to just 

2 proton (normal hydrogen). Earths water has a well 
established deuterium/hydrogen (O/H) ratio. 

Scientists have long suspected that Earth's water 
might have been delivered from space via asteroids or 
Comets, 0 they study these objects water compositions 
te find which populations have O/H ratios that match 
fur planet's. So far, few comets provide good matches, 


and Comet 67P jus struck out as wall 


‘But maybe we don’t need comets anyway: Here on 
Earth searchers from Ohio State University reported 
December 17 atthe American Geophysical Union meet: 
ing in San Francisco that our planet might have made 
its own water Scientists ave known for along time 
that Earth's mantle isa potentially huge reservoir of 
water, but the ides that Earth could mine that reservoir 
through plate tectonies and bring water to the surface in. from Co 
any substantial amount is @new idea. — XH. 


Deep-space telescope 
looks closer to home 


SIZZLING SUN. NASKs Nucor 
Specoscapi Telescope Atay NuSTAR) 2 
Satelite designed to detect hard asin 
dstant objects, ured sey toward the 
Sun forthe fist me, aptanngthermest 
Sense picture ofcu star inugh-eneray 
‘rays The new image, eleasedDecember 
22, shows NSTARS ay data veraidon 
2 phato taken by NASA Solr Ojnamcs 
(Observatory. nthe future, NUSTAR wl 
Seakout th Sun’ hypethesed nanos, 
smal vrans four starsmarve up 
onset charged partes. — KF. 


(WATER STRIKE OUT. Dust nd gas canbe seen outiwing 
et 67, but the water vapor Rosetta measured doesn 
fitthe makeup OfEarts water sven a 


‘CANNIBAL 
GALAXY. 
NGC3226¢an 
beseen here 
wht smaller 
companion 
Neca, 
sw of gas 
and dust 
ound them 
Bresiensthat 
NGC3226 ely 
tale with 
Sndeconcumed 
2 third galaxy 
theecent 
Batt maxcnn 


Shutting down star factories 


In separate studios published in The 
Astrophysical Journal astronomers 
announced two galas that at 
first glance should be churning out 
‘ew stars but instead ae too hot 
ta bother. The ideal stelar breed 
ing ground has lots of cool gas that 
quietly collapses into baby suns. So 
supermassive black holes that blow 
the gas ight out of thee galaxies are 
known quenchers of star formation, 
and galaxy mergers that dump new 
fuel into old galaxies are known har 
bingers of stellar population booms. 
NGC 1266 has a modest central 
black hale and plenty of gas, but 
this gas is so dense that the black 
hole is merely stiring it madly. The 
jets streaming from the black hole 
arent powerful enough to eject 
the fuel from the system, but new 
results from the Atacama Large 


Milimeter/submilimeter Array show 
that the rling gas s too turbulent 
for star formation 

NGC 2226;s the site ofa recent 
merger, butin this caseas well the 
‘gas too hot to permit star forma: 
tion. Ittook the combined work 
ofthe European Space Agency's 
Herschel Space Observatory and 
INASHS Spitzer and Hubble space 
telescopes to tell this galaxy's story. 
While galaxy mergers usualy incite 
star formation in this case the 
incoming gas is crashing into and 
heating up in the galaxy’ sk stall 
ingstelar baby making, 

In bath cases future star for 
‘mation i likly after NGC 1256's 
central black hole quiets down and 
NGC 3226's turbulence calm, allow: 
ing the gas to cool enough to farm 
new stars — KH. 


QUICK TAKES 


AMINESIAC EXPLORER. 
The travel weary Mars over 
(Opportunity cntinuedtostrugle 
"rough fh memory ues n 
December as NASA ed to efor 
rat. Exploration continues, but 
dita tobe sent to Earth before 
thecraftisputto seep at aight 


SPIRAL 
Citizen scentite using aly Zo0 
Flbedinda bizare spl galaxy 
‘shooting of age ts of. 
stom patie rom tscoe at 
near ightspeed, Tear lds that 
‘nl lpcal gales formed by 
merging pal sould hve ete 
MIRAGE EARTH 
Anew study wars of "mirage 
ths hich woul stn hab 
able orbits cose talow mass star 
that computer simulations show 
Can be sipped ofthe chance to 
host fey intense heat that wipes 
Say ater and atmospheres dur 
Ing thal ear formation, 
MISSING ATMOSPHERE 
uropa'siey plumes were nat 
sen in data NASH Casi cat 
collected atthe ovin moon, mis 
‘lone sin December 
“he team fund Eropas timo 
sphere is 40 times more tenuous 
than thought and ts pera orig 
nated fram vleanoes an a 
EARLY FINDS 
Nettong after arving at Mars, 
NASA MAVEN orbiter bas found 
Interesting clus to how the planet 
Toss is atmosphere to space, 
‘oveting anew population fons 
{Gemtstecan use to study ner 
tons ith he solar wind 
SOLAR SMASHING 
an ene family of Posed 
cbjects may Rave been seen si 
fing up dist round a young Sun 
Ista 3 the planetesmals cause 
‘smal bods a alide The ind 
pare wth model that prec gst 
‘prevalent inthe outer reaches of 
young solar ystems 
INDIA JOINS TF 
Inds now full member inthe 
behemoth Thirty Meter Telescope 
(TMT) on Mauna ea jorig fe 
low Asian ations Cin nd apa, 
‘swells netutions inthe US. 
and Canada, Woon the massive 
project began in October 204 
X-RAY HUNTER 
“he European Space Agency’ pro 
ifedray observatory MM 
Nevrton, celebrated 15 yearn 
space December 10 erepace 
ment Athena, woritbe launched 
forat asta decade, — Ele Bate 
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ASTRONEW! 


SPACE SCIENCE UPDATE 


NEW TALES OF 
A WARMER, 
WETTER MARS 


In one of the most tantalizing Mars finds 
to date, NASA's Curiosity rover caught 
methane wafting across the surface of the 
Red Planet, Then it was gone. And thea it 
returned. The methane came and went 
tree times in Curiosity's dat 

[NASA Jet Propulsion Laboratory scien: 
Lists announced their discovery a a press 
conference December 16 in San Francisca 
and received international headlines 
Methane does not mean there's life on 
Mars, but that is one enticing explanation. 
‘The tenfold spike in methane concentra- 
tions seen in the atmosphere around the 
rover were backed up by organics found in 
martian soil powder samples made with, 
Curiosity’ rock deill, 

“This temporary inerease in methane 
— sharply up and then back down — tells 
us there must be some relatively localized 
source” says Sushil Atreya of the University 
of Michigan, An Arbor 
the Curiosity rover team, “There are many 


tho works an 


LAKE LAYERS. NASA scents say that coss bedding in these rocks vised by the Cust overs evidence 
that Maré Mount Shar area once held vast lake, us canoe 


possible sources, biological or non-biologica, 
such as interaction of water and rock.” 

‘The excitement added to a rash of Red 
Planet news. At the same time, astronomers 
announced their find that Mount Sharp — 
Curiosity’s stomping 
massive lake. NASA scientists say 
‘ments there appear to have been laid down 
‘ver the course of tens of millions of years. 

"We are making headway in solving the 
‘mystery of Mount Sharp,” says Curiosity 


grounds — was once a 


the sedi- 


Project Seientist John Grotzinger ofthe 


California Institute of Technology in 
Pasadena. “Where there's now a mountain, 
there may have once been a series of lakes, 

‘And as those lakes came and went, they 
dropped layers of sediments and left behind 
clues about the state of the local martian 
environment. As Curiosity continues its 
uphill climb from the lowest sedimentary 
layers it will observe how the chemistry 
changed aver time, The rover will drill 
often, keeping an eye out for more signs of 
organics. —. 


SOLAR ACTIVITY 
STARTS TO WANE 


i 


Sunspot number 


Year 


DOUBLE MAX. Sot cycle 24 seems tobe winding down having resched a second and 
apparent final peak in Nvernber 20%. Scatiste a NRSKS Marshall Space Fight Center 
InHuntsvile Alabama, say the number of sunsets oficial the smoothed international 
Sunspot Number) then reached 75.4. Cycle 24 fst peak delivered 689 sunspots in Feb- 
rary 2012, Altnough many eyes sow a two umped prof, ths tthe fet where the 
‘cond peak beat heist Stl ths the weaker sunspot maximum since cycle peaks 
ter ted curves show the expected range ofthe monthly su 


at 64 February 1906. (Th 
Spat number) son 40 
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‘The solar cycle currently 
averages about 11 year from 
peak to peakandhas been 


proceeding uninterrupted 
since the early 1th century. 


BUT WHEREIS 
HERE? Piae sent 
back ths mage of 
roundings, dubbed 
"Parnelion Cif 
Thevhiteregions 
probably represent 
Sarefrom the 
Taner tat 


Little lander lost 


Like your mother's worst nightmare, Phila remains ying in 
{a ditch somewhere on Comet 67?/Churyumov.Gerasimenko, 


land scientists are hard at work seanning through three days of 


photos taken by Philae's partner spacecraft, Rosetta, looking 
for their lander But don't worry: Philae may reawaken when 
the Sun finds the instrument's Solar panels in early spring, 
Meanviile, Rosetta delivers science results onthe nature of 
‘cometary water {too heavy tobe the source of Earths oceans) 
land returns pictures of “dinosaur egg” structures. These struc 
{tures may indicate the sie ofthe solar system's building blocks 
‘rom which the planets, comets, and asteroids all came. KH. 


LoGlow Light Pollution Filters: 


» Maintain natural color balance while 
efficiently rejecting mercury and sodium lines 


» Allow faster generation of images, with 
deep, dark backgrounds; vibrant star colors; 
and main object details 


» Are designed for locations with significant 
light pollution 


LoGlow Light Pollution Filters by CHRODI 


CGP, Worcester, MA, mage courtery Dave Say www.chroma.com/astronomy 


247TH NORTHEAST 
noms’ ASTRONOMY FORUMS 
rou & SPACE EXPO 
APRIL 18-19, 2015 


‘WORLD'S LARGEST ASTRONOMY & TELESCOPE EXPO! 
Bringing you the Universe in two exciting evenipaeked 
solar observing, outstanding speakers & much merel 


FEATURING o special presentation on Project Dawn By 
MARC RAYMAN Mission Direcior/Chief Scientist 
for the NASA/JPL Dawn mission to Vesta 


PLUS MANY OTHERS! 


SHOW HOURS: SAT 8:30-6 PM, SUN 105 PM 
Only 30 minut New 


DON'T MISS THE NORTHEAST David Lindemann Galen Haynes GaryPalmer Jim Rosell and many 
ASTRO IMAGING CONFERENCE Gaston Boucat JamyLodriguss Christopher Go Preston Starr more! 
APRIL 16-17, 2015 ATNEAF Thierry Legault PafeKalajian Danillewellyn Dr. Matthew. Penn 


SECRETSKY 


BY STEPHEN JAMES O’MEARA 


Into the void 


1 


his galaxy really is lost in space 


arms that flaunt robust star 
forming regions, each rapidly 
spawning massive stars that 
will live fast and die young in 
remarkable supernova explo- 
sons, The striking Hubble 
Space Telescope image on this 
page shows many of these ion 
{zed hydrogen regions bursting 
forth like pink cosmic fire- 
works. The image also includes 
Supernova 2004dj, which 
fared to magnitude 12 and 
shone as brightly as 200 mil 
lion Suns. 


he north celestial 
polar x 
significant void fair 
ly clase to the North 
Star, Polaris (Alpha 
[al] Ursae Minoris). To find it, 
look in the space bounded by 
it, Capella (Alpha Aurigae), 
‘Mirfak (Alpha Persei), and 
(Omicron (0) Ursae Majoris 
(the nose of the Great Bear) 
‘This vast emptiness tallies 
only three stars in the 4th- 
‘magnitude range. Nevertheless, 
ithosts one of the oddest and 


ion has a 


‘most elusive constellations, 
Camelopardalis the Giraffe. 
Despite the figure’s dim appeal 
to the unaided eye, it contains 
‘one of the most photogenic 
galaxies in the northern sky: 
NGC 2408, the overlooked 
‘masterpiece ofthe Arctic void 
In images, NGC 2403 isa 
near tin to the Pinwheel 
Galaxy (M33) in Triangulum, 
but with pumped up visual 
appeal. Ithas two ters of spiral 


In 1954, another fantastic 
‘outburst occurred in NGC 
2403. Although it was classified 
as Supernova 1954), recent 
research has shown it to be a 
“supernova imposter” The star 
did not destroy itself but sur 
vived a super-outburst similar 
to the "great eruption” in 1843 
of Eta (q) Carinae in our Milky 
‘Way. Hubble Space Telescope 
fimages have since resolved a 
nebula around this outburst. 


COSMIC WORLD 


A look atthe best and the worst that astronomy and 
"space science have to offer. 
sige spi offer. by rie Betz arse 


Marsorbust Artisticlicense Space blanket #CometLanding 


NNaSAtessthe | DeBlackHolss Eagerttendees | SAlandson 
Oronspacccaf, | himself Kp _ineupataTexas | Comet 67Pand 


alngithenext | Thome publishes qultingshowfor | draws more dor 
Sepia Mats Now | ndings tombe -aglimpseof | ngtans ite 
heyjustreeda | workwthartsts astorautand | Plaethan im 
Tander habitat, "onthemav. fsteverspace | Karathian's 
propulsion water Ines Sad, quite, Karen | simultanenus 


fears 

Tionshields and bookshelf beings 

hundredsofbi- | ieheldupin 
ons inca, reve 


hispaperon ‘eeakTeret 
terephota 
Fathinhumanity 
restored. 


Nyberg and her 
sewn stars High 
‘mars for fa 
Ingwahsesors 


Spa gaany NGC2408 isthe standout cbject within the consteation Camlopardals 
“This mage shows the star-frming region NGC 2404 as wel asthe alany’s mast ect 
Steve. ev een aero 


surviving star that’s akin to the 
Homunculus Nebuls around 


2403. The regions of ionized. 
hydrogen in NGC 2403 are so 
‘exceptionally large and lumi 


Ba Carinae 
ous that teat six of them 
In search of a giant | tval the most masve ones in 
Although NGC2403 lie in 
Cameloparalis itis within 
selfing distance (73° north 
wes) ofthe Great Bears nose. | Large Magellanie Cloud and 
Thegalaxyshinesat maga | NGCAD4 in M33 
tude73 and from a dark sky “The brightest of NGC 2403 
isvisible through 10:50 and | staforming regions is NGC 
lager binoculars 24. Tappears asa tiny dif 
Through small telescope at | fase knot tthe eastern end of 
moderate magnification t the northern spa arm 
appeatsasan extremely well- | Gullaume Bigourdan atthe 
tcfined eiptical glow punctu- | Pais Observatory discovered it 
ated by two Ith-magntude | in 1866 witha 12 inch reac 
Stusonelthersde fis amor- | tor This remarkable extra 
phous, lens-shaped cre Larger | galactic reasure spans 2,000 
telescopes my show up ta Tight years or nary 50 times 
about adozen stars superin- | the wth ofthe Orin Nebula 
posed onthe gla. {M42}, Whale many observers 
‘The arme beak into several | today nave seen it through 
distinct petals alight allot | scopes of sim sz, Teka 
which dlply delet rept 
lates —a combination of 
suedingame stant fom the 
Milky Way anda plethora of 
star-forming regions in NGC 


our Local Group of galaxies 
— namely the Tarantula 
Nebula (NGC 2070) in the 


lenge you to observe it through 
as small a telescope as possible. 
As always, let me know what 
details you see in NGC 2403 at 
sjomearaSl@gmail.com. @ 


FROM OUR INBOX 


Excellent issue 

1 just got into the December Astronomy magazine and found it 
tobe one of the best of many of the anes Ihave read over the 
years. Thank you for the sound articles based on astrophysics 
such as the “Five stars that could go bang,” "How Gaia will map 
a billion stars.” and others. Even my old favorite Bob Berman 
had a timely article (his humor lives on). Great job and solid 
good work! — Edmund Anderson (ay, Nort alia 
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SQUAW CREEK ESTATE 


SCOPE OUT 


HE LARGEST SELECTION AT ADORAMA 


Get the Best Prices 


‘Smoth racking + Quit «Easy polar setup 
* ightweight ale» Customer support 


CEM60 


iEQ45 Pro 
#80006 


130 Pro 
30006 
$1445 


Low Earth orbit 


Van Allen Probe A 


(Our planet's magnetic fed holds a toroidal 
band of radiation in a belt around Earth, These 
Van Allen Belts protect us fram solar eruptions, 
‘rowing and shrinking as they te excited 

“The find ie known asthe fist great discovery 
‘ofthe space age. And despite Americans get 
ting to space second, the discovery was ous 

But even ater nearly 60 years, the belts stil 
hold new surprises. On November 27, astrono- 
mers announced in the journal Nature they 
had found an impenetrable barrier within 
the belts that prevents the most energetic 
particles — so called “lr elactrons"that can 
threaten astronauts and spacecraft — from 
reaching Earth. 

i's alot like these electrons are run. 
ning into a glass wall in space,” says Daniel 
Baker ofthe University of Colorado, Boulder, 
who did his dactorate with the belts’ discov 
ferer, James Van Allen, and was lead author on 
the study, 


BELT BARRIER. Ancwlyclscoveredbarcer inthe Van Alen Bale protects Earth rom ile electrons ms 


‘Somewhat ike the shields created by 
force fields on StarTrek that were used to 
repelalien weapons, we are seeing an invs: 
Ile shield blocking these electrons. t's an 
extremely puzzling phenomenon.” 

‘The main belts start at an altitude around 
600 mils (1,000 kilometers) above Earth and 
can stretch to some 25,000 miles (40,000 
‘The particles ame from the solar wind and 
cosmic ays. Thisnewly discovered barter sits 
St some 7.200 miles (1 600k 

‘And thisent the frst time the belts have 
offered up surprises. In 2012, NASA launched 
the two identical Van Allen Probe spacecraft 
ta confirm what scientists thought they knew. 
Atfist, Baker says he figured the instruments 
were faulty because the data seemed so 
improbable. ut NASA's probes had turned 
Uupa new radiation belt. "The textbooks 
always sai two belts, and here we had three 
belts Baker says. —E8. 


AVERAGE NUMBER OF CLEAR DAYS IN APRIL 


Ld ees 


‘Aprils sky 
features two 
ofthe finest 

ddeep-sky 
object: Omega 

‘Centauri NGC 

5139) and 
the Whirlpool 
Galaxy (MSI). 


[MISSION COMPLETE. During ts ast months 
Before runing out of propellant, the Venus Express 
Spacecraft dove deeper ito our ster planets atm: 
sphere a stated hee 


Venus Express 
runs out of fuel 


‘After eight years orbiting our sister world, ro 
viding extensive data on ts atmosphere and 
allowing scientists to make conclusion on the 
properties ofits surface, the European Space 
“Agency's (ESA) Venus Express probe exhausted 
the last ofits propellant and the mission 
‘officially ended December 17. Mission leaders 
initially ost contact withthe satelite November 
28, but they were able to re-establish limited 
telemetry information that utimately ed them 
to conclude that Venus Express used up the last 
bitots propellant and was losing altitude 

Mission scientists knew they were nearing 
the end in 2074, 30 they decided to"go out 
with a bang” by having Venus Express perform 
‘2 complicated aerabraking campaign that 
brought the spacecraft as close ax 80-84 miles 
{130-135 kilometers) above the planet’ surface 
from mid-June to mid-July before returning to 
an altitude of 285 miles (460km).As the orbiter 
naturally would lose altitude overtime and 
required routine thruster burns to return it 
higher above Venus, mission scientists decided 
to aise the spacecraft again in late November 
in order to possibly prolang the mission. But 
‘a Venus Express has no fuel gauge, they did 
not know such maneuvers would exhaust what 
Title fuel was left 

“While we are sad that this mission is ended 
we are nevertheless happy to reflect on the 
‘great success of Venus Express as part of ESA'S 
Planetary science program and are confident 
that its data wil remain [an] important legacy 
for quite some time to come,” says Martin 
Kessler, head of ESA Science Operations. "The 
mission has continued for much langer than is 
planned lifetime, and it will naw soon go out in 
‘blaze of glory” — KF 


2 million mph 
(3.2 million km/h) 


The speed of cold gas being ejected 
from the compact galaxy SDSS J0905+57 
as tar formation shuts down, 
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The. 
LITTLE STARS 


that couldn't 


Brown dwarfs are shedding 
light on the birth of both 
stars and solar systems 


A after 's 
view of the 


southern sky 
Does the Southern, 
Hemisphere really 

have all the good stuff?» 


Budget battle 
The fight to save 
Lick Observatory 
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OBSERVINGBASICS 


BY GLENN CHAPLE 


Rainy-day Web 
surfing 


pril showers bring 
May flowers. They 
also bring frustra 
tion to observers 
kept indoors by 
“April's ever-present cloudy 
‘nights, Outer space may be out 
‘of reach, but cyberspace is. 
inclement weather has you 
and your telescope grounded, 
‘Astronomy:com will keep you 
cosmically connected. There's a 
lot to explore, so let's get to our 
‘computers, log on, and see what 
‘we can find. Well begin with 
sections accessible to anyone, 
regardless of subscription status. 
‘A good place to starts "The 
‘Sky this Week,” a day-by-day 
account of celestial happenings 
spanning the current 10-day 
period. Is one of a dozen 
topic selections found in the 
“Observing” drop-down ments 
at Astronomy.com. “The Sky 
this Week" might find us gaz- 
‘ng wistfully ata description of ‘A key “Observing” subsection 
‘what's currently going on above 
the clouds, but do we really 
‘want to knaw that we're missing 
‘a major meteor shower ar rare 
planetary alignment? Better to 
think positive and look ahead 
to upcoming sky events we'll 


cloudy nights 


be able to enjoy when (Fingers 
crossed!) skies clea. 

‘No matter what our level 
of expertise, we need to pay 
attention to the techniques that 
make us successful backyard 
astronomers. To that end, the 
“Observing” section serves up 
‘an assortment of how-to articles 
and videos. The subsection 
“Get to Know the Night Sky 
includes articles on "The starry 
sky” (@ seasonal primer on star 
and constellation identifica 
tion), “How to use a star chart” 
(a guide to using the StarDome 
‘map in the center ofeach issue 
of Astronomy), "Choose a star 
atlas that’s right for you," and 
articles dedicated to urban sky- 
gazing. The “Observe the Solar 
System” and "Tour the Deep 
Sky” subsections combine basic 
facts about the solar system 
bodies with pointers on how to 
observe ther. 


fs "Equipment Use" —a must- 
visit destination for anyone 
seeking information on astro: 
snomical equipment, Looking 
for guidance on purchasing that 
first telescope or binoculars? 
Ws here. Want to know about 


Astronomy ==: 


aS a 


FROM OUR INBOX 


Women in astronomy 
[ound captivating an article in the January 2015 sue, “Where 
are the women in amateur astronomy?" (p. 60). Asa woman, 1 
‘often feel outnumbered in the field, Astronomy has always been 
‘an interest of mine, but lately it has taken center stage as my 
pssion, I found this article particulary interesting because it 
spoke to me about the barriers that many women have to over 
come to really be taken seriouily in the fel of science. I fel 
these barriers, and the article reassured me that Iam not alone. 
—Noslle Moser, axle emessee 


accessories like eyepieces, finder 
scopes of fillers? “Equipment 
Use" has the inside scoop, 
Some Web content is avail- 
able only to registered users of 
Astronomy.com, Don't worry 
registration is free — even to 
those who aren't Astronomy 
subscribers. You can sign up at 
‘www Astronomy,com/egister. 
‘Among the benefits to 
bing a registered user is access 
to Senior Editor Michael E. 
Bakich’s "Observing Podeasts 
weekly spotlights on currently 
visible deep-sky destinations. 
Last month, [stresed the 
importance of having a pre- 
pared list of sky objects prior 
to observing. A rainy evening 
ives us time to assemble ists 
for future clear nights, and 
‘Observing Podcasts" is our 
go-to place to get started. We 
can work on the object featured 


‘video series of particular inter: 
lest are “Observing Basics" (not 
ry columa — that comes later) 
and "Seasonal Observing." The 
former isa collection of Bakich 
video clips that help you get the 
‘most from your equipment. The 
latter includes a video of easy-to- 
find targets in the current sea 
son's sky, which is availabe to 
registered users, as well as other 
videos available exclusively to 
subseribers of Astronomy maga 
zine (as are all Astronomycom 
items accompanied by an “A¥ 
symbol) that feature seasonal 
lists of deep-sky objects 

Tyebeen writing the 

‘Observing Basics" column for 

‘overa dozen years. you're an 
Astronomy subscriber, you can 
access an archive of these arti 
cles at www-Astronomy.com/ 
Chaple. can't say Ive covered, 
‘every astronomy-related topic 
(asa big universe, but you'll 
find pieces devoted both to 
backyard astronomy techniques 
and easy-to-observe sky objects 

‘There's so much to see on, 
Astronomy.com that we may 
Wish for the April rains to con- 
tinue for the next Fes evenings 
so we can further explore is 
‘offerings. OK, that’s a stretch, 
but atleast it gives us the option, 
of pursuing our hobby on cloudy 
nights, So disparage not the 
rains of April, my friend! They 
bring not only May flowers, but 
also the chance to enhance our 
backyard astronomy experience. 

Questions, comments, or sug- 
‘gestions? Email me at gchaple@ 
hotmail.com, Next month: We 
track down the “runaway star. 
Clear skies! 


in this week's edition or scroll, 
down to April podcasts of previ- 
fous years to add even more. 
There's much more to 
Astronomy.comis “Observing” 
section, but welll move on to 
the “Videos” section next, Two 
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Astro-Physics 
815-282-4513 * 
www.astro-pltysics. 
\NEAF is the premier event for astronomy 
‘enthusiasts and vendors. Stop by to see 
what's new at Astro-Physics. 
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http://www.celestron.com 
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April 16-17, 2015 


Crown Piza Conference Canter * Suffern, New York 


Serving the astronomical community for 
over 23 years. 


Oberwerk Corporation 
866-623-7937 
info@oberwerk.com 
www.bigbinoculars.com 
‘Astronomical binoculars and binocular 
telescopes at down to earth prices. Every 
binocular tested and tuned at our Quality 
‘Assurance Center in Dayton, OH. 


OPT Telescopes 


800-483-6287 
opt@optcorp.com 
www.opttelescopes.com 

OPT, your one-stop telescope shop! 
Everything for the beginner to professional 
astronomer. It's all ad NEAF! Super prices! 
‘No Tax! FREE Shipping! 


Photonic Cleaning Technologies 


680-467-5396 
Sales@photoniccleaning.com 
www.photoniccleaning.com 

Our First Contact Polymer is a safe, one-part, 
‘easy to use strip coating. Clean your mirrors 
‘and optics or leave on to protect during 
‘storage or shipment. 


PlaneWave Instruments, Inc. 
310-639-1662 
info@planewave.com 
www.planewave.com 
PlaneWave makes a ful line of astrograph 
telescopes as well as observatory class 
‘mounts to provide complete imaging sys- 
toms for both individuals and industry. 

Simulation Curriculum Corp. 
952-653-0493 
mgoodman@simcur.com 
www.simulationcurriculum.com 
‘Simulation Curriculum is the leading warld- 
wide developer of earth and space science 
software and curriculum for enthusiasts 
and K-12 education, 


my_Forum 


‘Sky-Watcher USA 
310-803°5053) 
‘support@skywatcherusa.com 
www.skywatcherusa.com 
‘At Sky-Watcher USA we have one priority: 
‘you. To give you the best quality product at 
the best possible price with the best service 
‘we can provide. 
Software Bisque, Inc. 
303-278-4478 
www.bisque.com 
Please stop by and see us...we're really 
excited to show you what's new this year! 
Tele Vue Optics 
845-469-4551 
www.-TeleVue.com 
Booth # 522, 524, & 526 
‘Ask Al or David Nagler for advice on Tele Vue 
eyepieces and telescope selection. Then, 
test drive them all to experience the Tele Yue 
difference for yourself! 


Vernonscope LLC 


919-810-7168 
vernonscope@gmail.com 
www.vernonscope.com 

Vernonscope manufactures beautiful eye 
pieces and other optical accessories. Please 
‘come by our booth to see our new 1.25x 
and 1.50x Magic Dakin Barlows and neutral 
density filters. 

Woodland Hills Cameras & Telescopes 
888-427-8766 
farah@telescopes.net 
www.telescopes.net 

See our new booth at NEAF with amazing 
prices. Special orders - no problem, just 
call us. 


WHAT ARE WE LEARNING 
ABOUT GLOBULAR CLUSTER FORMATION? 


‘The Milky Way is home to about 150 globular 
clusters, of which the brightest are spectacular 
sights when viewed through an amateur tele 
scope. Yel it remains a mystery how exactly 
these massive swarms of stars formed. In par 
ticular, their chemical composition is a puzzle: 
In about half ofthe stars in a typical globular 
cluster, the "Light elements” (up to aluminum) 
are found in relative amounts that are only 
seen in these stellar conglomerations 

The explanation favored by some s that, 
lobular clusters consist of an original “pris 
Lune" population of stars formed by normal 
processes and a polluted population formed 
‘out of enriched ejeta produced by the original 
stars. The main problem with this dea, how- 
ever is thatthe amount of polluted ejecta that 
the original stars could produce only would 
be a few percent of the total mass — in stark 
contrast to the observed 1: ratio, Ta balance 
the budget, a large fraction ofthe original stars 
rust have been lost from the cluster. this 


ASTRONEWS ‘kicinetect 


SPACE ATTACK. Scientists think that Earth's eal atmosphere was strpped 
under bombardment from an onslaught of small asteroids, 


Asteroids stripped Earth's atmosphere 


ee 
BY KARRI FERRON @&  ofthestars contain 50-100times more FAST 
Sirmcgeinse otmeren, Mg 


picture, present-day globular 
clusters are the remnants of 

systems that initially may 

hhave been at last 10 times larger! 

IF this s true, then the lost stars should 
now be “free-floating” among the fied stars 
in their parent galaxies, However, our recent 
‘observations of globular clusters in the Fornax 
Dwarf Galaxy have challenged this picture. 
We found thatthe four most metal-poor 
clusters together account for about a quarter 
ofall the metal-poor stats in that galaxy 
Furthermore, our new observations with the 
Hubble Space Telescope show that the Fornax 
clusters display the same chemical abundance 
anomalies as globular clusters in the Milky 
‘Way, so the same formation scenario should 
apply to them, But it seems that these clusters 
could ot have lost the required large fraction 
oftheir initial stars — there are simply not 
‘enough metal-poor stars in the Fornax Dwarf! 
So we need to go back ta the drawing board. 


1 Dawn approaches Ceres 
for asteroid encounter 


NASA's Dawn spacecraft 
will reach the asteroid 
belt's largest object, Ceres, 
this spring, heralding in 
new knowledge ofthe 
Texas-szed space rock that, 
astronomers once called a 
planet, Ceres remains the 
largest unexplored body 
‘between Earth and Pluto 


Ealy in tshistory,Earth was impacts can be much more eff Daw launched in 2007 
bombarded by cosmic biitz- centin the damage they cause and visited asteroid Vesta 
krieg of space rocks that likely And exactly such a period of forjustovera year starting 
stripped the fledgling world bombardment i thought to in 2011. Astronomers had 
ofits atmosphere, according have happened around the DAWN APPROACHES. The Dawnspacecrftcap-someidess about that 
toa paper published nthe time the Moon formed, which _—_fuedtNsbeterhan Hubble hot ofthe arf panet_dvar planet fom study 
journal carusin February ‘was til early Earth's history. reson spproschin January. 8y March, she aft ill ing meteorites thought to 
‘Ateam of researchers mod-_Theastronomers think helt _strobting he asteroid els ares objec. have originated at Vesta 
cled what would happen ftens find coud help explain geo But that's not the ease 
of thousands of smal steroids chemical evidence that in for Ceres, which wil be studied for the first time. Dawn i aso ust begining 
Smashed Earth and found that cates Earth as ost its entire to se the asteroid with any arity. The navigation images NASA captured 
alltheitleimpacts add upto.a atmosphere at least twice in withthe craft's camera in January are the fist with better detail than the 
major loss. thelong petiod since i fst Hubble Space Telescope. So scientists don't even know what the weld looks 
Whereas itwould take formed some billion years lke. One stange feature has piqued curiosity — large white spt upper left 
collsion witha nearEarth-sied ago. Their find alsa could be cof mage), which was also seen in Hubble photos 
body to stip our planet ofits important in explaining the “all we ean predit with confidence i that we willbe surprised” says the 
atmosphere, the scientists atmospheres of the other rocky Dawn mission’ principal iestigator, Christopher Russel of the University of 
Show thateach ofthe small planets, Venus and Mars. —E.8. California, Los Angeles. —€.B. 
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Huge Rebates on Vixen Telescope and Mount Packages 
Rebates up to $700! 


For over 65 years Vixen has been synonymous: 
with high quality precision optics and innovative 
Go-to Mounts. Whether you choose the VMC200E 
and Sphinx SX2 Mount or the AX103S Refractor 
and Sphinx SXP Mount, you.can be assured of 
great views and highly accurate tracking. Check 
out these Rebates on our most popular packages 


Price Rebate 
Sphinx SX2and A80M $2599 $300 
Sphinx SX2 and VMC200L $3499 $350 
Sphinx SXD2 and ED103S $4999 $500 
Sphinx SXP and VC200L $5699 $500 
Sphinx SXP and AX103S $6999 $700 


March 2-11, 2016 


Tour and witness 
d 


Experience a solar eclipse trip like no other in the equatorial paradise of Indonesia. 
Immerse yourselfin the festivities leading up to the Balinese New Year before 
Watching the Moon block the Sun's light in a total solar edipse. Your tour includes: 


with Astronomy magazine 


Balinese rituals that few ever witness 
Visits to stunning ancient temple gardens 

D Lectures and eclipse viewing guidance from Astronomy staff 
D And much more! 


Visit www. castronomy.com/bal 


Se 


What's new at Astronomycom, 
BY KARRI FERRON 


WEBITALK 


_~ Superstars of 
(=) Astronomy 


Exclusive interviews with 
renowned scientists 
Ever wonder what’ happening behind the scenes 
various sronomicalistutions? Wish you could 

hear more than just te ocasona ound bite 

ffom the people making the biggest discoveries 

in science today? W'stime ote nto Superstars 

af Astronomy, our new series of in-depth aso 

poset interviews With the generous suppor of 

Ecleston and Editor David Echer serving 3s yout 
host the monthly installment feta hourlong interviews wth some of 
the wold’ foremost astonomes, astrophysics, planetary scent, and 
ormologit as they take Isteners into the worlds oftheir research ina 
new an nique wa. 

By string to Superstar Astron, youl examine the test 
research an galasies,go behind the scene at the Stars Festival preview 
NASKs Put encounter explore ov ie willed on Earth, learn about 
Mars’ past and future understand the Milky Way's eventalelsion wth 
the Andromeda Galaty, and much more Guest sready scheduled include 
Jeff Hester Gari aac, Alan Stern, Debra Fischer, race Slick, Ai Leb, 


REGISTER TODAY! Go to wwwAstronomy.com/register 
for access to bonus articles, photos, videos, and more. 


Equipment Review Archive 
Astronomy.com/equipment sth pce to get reviews on the latest 
observing equipment from binoculars and telescopes oir, ee 

pleces, cameras and mounts. The archives search engine allows you tofier 
tctulpment by category, manufacture, orkyword Pls Astronomy com es 
you comment on ther articles, 50 after you make a purchase, eave your 
thoughts about your new piece of equipment to benefit others 


COMMUNITY 


Reader Photo Gallery 

Browse thousands of beautiful astroimages like 
this one ofthe Pleiades Cluster (445) by Craig 
and Tammy Temple. Submit your own images 
at www Astronomy.com/readergallery. 


Events 
Find star partes or lectures in your area or past an invite to your aston. 
omy club event at www.Astronomy.com/events. I's a great way to intro 
duce people to the hobby or get to know others who share your passion 
about the night sky. 


Seth Shostak Martin Rees, and many oth 
FOLLOW 


ers. Start listening to these extensive inter 
ASTRONOMY 


views with the world's top scientists today 
at www.Astronomy.com/superstars 


wn facebook om 
AstronomyMagazine 


‘ivr twittercomy 
Astronomyiag 


plus google com) 
‘astronomymagazine 


Vernonscope 


BRANDON EYEPIECES Te 


Optical Coatings 
Parabolic Mirrors 


Refiguring 
www.OpticWaveLabs.com 


‘See the Universe in color live with 
MALLINCAM }| 


sting 


+ 6-48mm focal length 
+ Uitrasharp 

* Superior contrast 

+ American made 


vernonscope@gmail.com 


PLANETS 


MODINE-BENSTEAD 
OBSERVATORY 


UNION GROVE, WISCONSIN 
12 Rasne Astronomical Soniaty 


Obseraton/ was complain 
Domes. The man bulking Inokides & 
yma. The Second houses our 14-inch 


ASH MANUFACTURING COMPANY 
P.O, Box 212 + Plainfield, IL USA 60544 
815.436.9403 - FAX 815.436.1032 


web site: wiww.ashdome.corn + email: ashdame@ameritach.net 


on 


ASH-DOME is recoize itematonay by mor astonoical roups amateus, universes, coleges 
secondary & primary schools fo their prfrmance dural and dependaty. Manual ar ectizaly peated 
isin sizes from 8 to 30 feet in ameter; ensiy priced, Brochures and spectcatns arse 
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1) GREAT 
Y Coursss’ 


Experiencing Hubble 
Understanding the Greatest 
Images of the Universe 


Experience the Wonders 
of the Hubble Telescope 


For more than 20 years, the Hubble Space Telescope has been amassing 
discoveries that rival those of history's greatest scientists and explorers, 
making it the most important—and most productive—scientifie 
instrument ever built, 


Experiencing Hubble: Understanding the Greatest Images of the 
Universe isan unforgettable visual feast of carefully chosen images taken 
by this fascinating telescope, Noted astronomer and award-winning 
Professor David M. Meyer's 12 spectacularly illustrated lecuures take you 
on a dazaling voyage of discovery that will delight your eyes, feed your 
imagination, and unlock new secrets of the cosmos. 


Offer expires 04/02/15 
THEGREATCOURSES.COM/7ASTR 
1-800-832-2412 


Lecture TITLes 
1. The Rationale for a Space Telescope 

. Comet Shoemaker-Levy 9 and Jupiter 
The Sagittarius Star Cloud 

‘The Star Factory inside the Eagle Nebula 
. The Cat's Eye Nebula—A Stellar Demise 


owen 


6. The Crab Nebula—A 
‘Supernova’s Aftermath 


7. The Sombrero Galaxy—An Island Universe 
8, Hubble's View of Galaxies Near and Far 


9. The Antennae Galaxies— 
ACosmic Collision 


10. Abell 2218—A Massive Gravitational Lens 
11, The Hubble Ultra Deep Field, 


12. Hubble's Legacy and Beyond 


Experiencing Hubble: Understanding the 
Greatest Images of the Universe 
Coutse no 1888 1 lectures 30 minutesecue) 


SAVE $160 


DVD $199.95 
Priority Code: 112446, i 


For 25 years, The Great Courses has brought the 
‘worl’: foremast educators to milions wha want to 
{90 deeper into the subjects that matter most. No 
‘exams. No homework, Just a world of knowledge 
available anytime, anywhere. Download or stream 
te your laptop or PC, or use our free mobile apps 
for Pad, Phone, or Android, Over 500 courses 
available at wnwiTheGreatCourses.com. 


REFLECTIONS | 


The man behind 


1995, with the Hubble 
Space Telescope's Wide- 
Field and Planetary 

Camera Jeff Hester and 
Paul Scowen assigned 

different colors to emis- 
‘ion from different atoms 
inthe fale-colorimage: 
red shows sulfur, green 
hydrogen, and blueoxy- 
en. rasucustan ERD 


the Pillars 


What has Jeff Hester's iconic Hubble Space Telescope 
image of the Eagle Nebula meant to him personally? 


ot everyone winds up 
seeing their work on a 
USS. postage stamp or in 
Time's collection of the 
100 most influential pho- 
tographs in history. I's cool to see the 
“Pillars of Creation’ on the big screen 
ina sc+fi blockbuster or hanging on 
the window of Sheldon and Leonard's 
apartment on The Big Bang Theory. I's 
fun to hear the phone ring and have 
a friend say, “Hey, | just saw you on 
TVagain!” It’s been quite a ride, made 
especially rewarding because | was 
part of the team that built Hubble's 
Wide-Field and Planetary Camera 2. 
The Eagle Nebula image symbol- 
ized an end to what had been a 
very difficult period for NASA. That 
is what it was designed to do. The 
press conference was scheduled 
to coincide with a feature article in 
Time heralding Hubble's phoenis-like 
rise from early disaster. How better 
toiillustrate that story than with a 
stunning image unlike anything the 
public had ever seen? But no one 
imagined a reaction that would turn 
the image into a cultural icon. 


Jeff Hester isa professor emeritus of 
Arizona State Unversity. These days, hei 
working as a professional coach and speak 
sharing his experiences and perspectives 
with individuals and organizations 


For as long as there have been 
humans, we have looked at the 
night sky in awe and wondered 
about our connection with the 
heavens. Now for the first time 
inhistory, we can tell that story, 
beginning with the Big Bang and 
ending with us sitting here talking 
about it. Knowledge of our place in 
the universe is no longer a matter 
of speculation or mythology. Itis 
hard science. For many, the Pillars 
of Creation became the recognized 
face of that human triumph. 

| have spent countless hours 
discussing the image not only with 
fellow scientists, but also with art- 
ists, musicians, writers, and in fact 
people from all backgrounds. They 
‘would speak of beauty and passion 
and inspiration. The more | listened, 
the more familiar their reactions 
sounded to my own. We were all 
‘expressing our experience of the 
human drive to find patterns and 
meaning in the midst of the com- 
plexity of the world. 

‘Astronomy asked me, "What has 
the image meant to you personally?" 
There is no doubt that it reshaped, 
my career as a scientist. But more 
than that, it changed not only the 
way | think about science and art, 
but also my understanding of what 
itis to be human. » 
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Great telescope triumphs 


Galaxies like the beautiful 
ipo Ms layed key 


From the incandescent brilliance 

of the first stars and galaxies to the 
overwhelming power of dark matter 
and energy, the space telescope has 
illuminated many cosmic mysteries. 
by Mario Livio 


COVERIES 


WASTRONOMY.COM 29 


ew sclentific experiments have 
enjoyed 25 years of relentless pro 
ductivity and a continuous stream of 
discoveries. Yet this is only one of the 

Hubble Space Telescope’s remarkable 
achievements. Not only have Hubble obser: 
vations transformed our ideas about almost 
every topic in astronomy and astrophysics, but 
the drama associated with space shuttle astronauts servicing the 
‘observatory and the impact the telescope has had on the public’: 
appreciation of science also have made Hubble unique in the 
history of science, 

Hubble's scientific successes are so numerous that itis not easy 
to select its greatest hits. Consequently, the list on the following 
pages represents my own personal biases as to what the telescope’s 
‘most important contributions have been. 

[also should emphasize that itis rare in astronomy to be able 
to attribute a discovery to one particular observation or a specific 
‘observatory. More often, progress in understanding phenomena 
results from a series of observations at different wavelengths by 
variety of telescopes over a long period of time. I do not claim, 
therefore, that Hubble acted alone in making these seven discover 
ies. Instead, I chose findings in which space telescope observations 
played a crucial role. 

In selecting Hubble’s most important breakthroughs, I was 
guided by two principles: Either the discovery had to contribute 
significantly to our understanding of the universe as a whole, oF 
ithad to represent a major step in the quest to determine whether 
extraterrestrial life exists, The second point arguably ranks as one 
of the most intriguing pursuits in science today 


Mario Livio isa senior astrophysicist t the Space Telescope Science 
Institute in Baltimore, which conducts the scientific program of Hubble. His 
‘most recent book is Brillant Blunders (Simon and Schuster, 2013). 
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‘Space shuttle astfonauls saw the 
Hubble Space Telescope for the 
{ast time in 2009 when they bid 
*. farewell following the lar er 


The gravitational attraction 
of all the matter in the uni: 
verse should cause cosmic 
expansion to slow down. 
But in 1998, two groups 

of astronomers discovered 
the exact opposite: The rate 
of universal expansion is 
accelerating, The research: 
cers based their discovery 
‘on observations of stellar 
explosions known as type 
la supernovae, which occur 


Supernova 19940 (lower left in galaxy 
INGC4526 helped astronomers pin down 
‘the universe's accelerating expansion, 
whichis powered by a repulsive force 


‘exerted by dark energy, susssnricnn 


when white dwarf stars grow 

to their limiting mass of 
about 1 solar masses. Only Hubble could view the most distant 
of these explosions and thus confirm the acceleration, 

All current studies indicate that a still-mystetious form of 
energy, dubbed dark energy, propels this speed-up. Although sci 
entists do not yet understand the precise nature of dark energy, 
they have deduced some of its properties. These efforts suggest 
that itis the energy associated with empty space, or what scientists 
call the physical vacuum, 

That the vacuum contains energy is not surprising in itself, 
Quantum mechanics — the physics that describes the universe 
atthe smallest scales — predicts that the physical vacuum is far 
from empty. Instead, it ems with virtual pairs of particles and 


antiparticles that appear and disappear within tiny fractions of a 
second. The problem has been that every theoretical attempt to 
calculate what the energy density of the vacuum should be has 
missed the target by several orders of magnitude. 

Given the quickening expansion, what will the fate of our uni 
verse look like in the distant future? If dark energy does represent 
the energy of empty space, which has a constant 


‘Water megamasers — amplified microwave emissions from water molecules — orbiting the central supermassive black hole in spiral galaxy M106 pinned 
‘down this object's distance, Hubble's calibration of Cepheid variable starsin the galaxy played a crucial role in determining the Hubble constant. 


And each side in the argument insisted that their data supported. 
an improbable error of only about 10 percent. 

One of Hubble’ “key projects” was to resolve this conundrum. 
Using the space telescope's superb optical resolution, the key project 
team examined a number of distance indicators, including Cepheid 
variable stars, the Tully-Fisher relation that links a spiral galaxy’s 

rotation rate to its intrinsic luminosity, and type 


density, then the expansion will continue to acc santific _lssupetovae. By 200, the tam refined the 
arte Ab sri yee um en aon Few scientific jiisheconsantsvalaco72kmls/pe with 
mers living in the merged product of the Milky ii a precision of about 10 percent. 
Way and the Andromeda Galaxy — the two are peels Be eer sn ih 
expected to collide about dillon years from now JOYE RATS. ciscovery ofcoumic acceleration anda new 
able to see any other galary The universe then will resoWed yet another mystery — the universe 
be wellon its way toward a cold death, ‘vi indeed older than its oldest known stars For 
AG : productivity and. tosrssts who beieved ins ubble constant 
Hubb nstant A CONTINUOUS —°100Kan/s/A4pc, a simple calculation shows 
and the universe's a thatthe universe would be only about 1 billion 
Ever since the 1920s and the seminal works of stream of years old, yet the ancient stars in globular clus- 
astronomers Vesto Slipher, Georges Lemaitre, and . p ters appeared to be at least 12 billion years old. 
Edwin Hubble, scientists have known that the uni iscoveries. according tothe most recent determination of 


verse is expanding. The so-called Hubble constant 
is a measure of the curtent expansion rate, and its value is inverse: 
ly proportional to the age of the universe. Until the space tele 
scope’s launch, published values of the Hubble constant differed 
by as much as a factor of two. One large group of astronomers 
claimed a value around 50 kilometers per second per megaparsec, 
While the other main faction declared a rate near 100 kmn/s/Mpe. 


cosmological parameters by the European Space 
Agency’s Planck satelite, the universe is 13.8 billion years old with 
an uncertainty of just 40 million years, 

But scientists have not rested on their laurels. Thanks largely to 
further Hubble observations, in the past decade astronomers have 
rade impressive progress in measuring the Hubble constant more 
precisely. By cross-calibrating several distance indicators — such 
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‘The Hubble Deep Field South seen here is one ofa series of observations 
astronomers made with Hubble that helped establish the cosmic star 
foemation fate. neunisemaanerstonwastn 


as Cepheid variables, type la supernovae, and the amplified micro: 
wave emissions from water molecules (so-called megamasers) in 
orbit around the supermassive black hole at the center of galaxy 
M106 — they reduced the uncertainty in the Hubble constant’s 
value to about 5 percent by 2009 and to 3 percent by 2011. 

rently, researchers are using new scanning techniques with 
Hubble's Wide Field Camera 3 to get even more precise distances 
to Cepheids in the Milky Way at distances of about 3,000 to 10,000 
light-years. ‘These promise to shrink the Hubble constant’s uncer: 
tainty to just 2 percent. And the European Space Agency's ongoing 
Gaia mission should make robust progress by extending accurate 
Cepheid observations out to 33,000 light-years. 

Refining the Hubble constant in the relatively nearby universe 
toa precision of 1 percent may help resolve the latest apparent 
tension between different measurements. The so-called local 
value currently stands at about 73 km/s/Mpc, while that inferred 
from Planck observations of the distant universe holds at about 
(68 km/s/Mpe. The discrepancy may reflect only higher systematic 
ertors than anyone suspects, but if it turns out to be real, it hints at 
some potentially new physics 


cos on rate 
Some of Hubble's most dramatic observations have been long. 
exposure photographs of what, at first blush anyway, appeared to 
be rather bland areas. Starting with the original Hubble Deep Field 
aan observation made of a tiny region in the constellation Ursa 
Major over 10 days in December 1995 — the space telescope has 
carried out several deep observations of small patches of sky 
These programs have revealed just how small our physical exis 
tence isin the grand cosmic scheme, 
Each deep field exposed thousands of galaxies in an area of sky 
you would see looking through a drinking straw. Given that the 
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Each deep field exposed thousands of 
galaxies in an area of sky you would 
see looking through a drinking straw. 


‘cosmos appears to be homogenous and isotropic — the same at 
every location and in every direction — these findings imply that 
the observable universe holds a few hundred billion galaxies. 

The deep observations have provided astronomers with a 
treasure-trove of data about galaxy evolution. One key result has 
been learning the cosmic star-formation rate — how fast the uni 
verse as a whole creates new stars asa function of distance, oF cos 
ic time. (See “How fast do stars form?” below.) Knowing how 
‘quickly stellar mass builds up in galaxies provides fundamental 
constraints on models of how galaxies form and evolve, 


sai l alaxie 
Even before Hubble opened its eyes tothe universe, observations 
indicated that at least some galaxies harbor supermassive black 
holes in their cores, And theoretical model of active galaxies and 
‘of quasars — extraordinarily energetic point-ike objects in the 
distant universe — suggested that matter accreting onto such black 
holes from their surroundings powered their emissions. Hubble 
‘observations turned these hints and tentative idea int certainty 

The space telescope has shown that essentially every galaxy 

that has a bulge of starsat its center hosts a supermassive Black 
hole These black holes range in mass from perhaps as low as a 
few tens of thousands of times the Sun’ mass in dwarf galaxies 


toa few billion solar masses in massive galaxies. Hubble also has 
directly imaged the host galaxies of a few quasats, demonstrating 
‘unambiguously that the engines driving these objects reside at 
the centers of galaxies. 

Most significantly, however, Hubble observations revealed a 
fairly tight correlation between the relative speeds of the stars in 
the galaxy’s central bulge (what astronomers call the velocity dis 
persion) and the mass of the black hole. The velocity dispersion, 
in turn, depends on the mass of the bulge. 


How fast do stars form? 


(6 uae + ire 
Héroge-alpha 


Redshift 2) 


‘The cosmic star formation rate peaked ata redshift of around 2 
(which corresponds ta look-back ime of 10 billion years). Today's 
tuniverse produces only 0.01 solar mass of stars per yearn atypical 
‘bie megaparsec Mpc, which is approximately 35 million cubic 

Tight-years. vcr curser nana Oh NO oar da 


‘spectrum ofthe central regions of M84, a giant elliptical galaxy in the 
Virgo Cluster, shows sharp shftin the velocity of gas clouds from high- 
speed approach (blue) to rapid recession (rd), indicating the presence of 
supermassive black hole at the center. 


This relation has important implications for galaxy evolution 
It demonstrates that a galaxy and its central black hole do not 
evolve independently. Rather, the masses ofthe stellar bulge and 
the black hole grow in tandem. The picture that emerges suggests 
that as long as gas flows into a galaxy’s center and the black hole 
aceretes some of this material, the bulge continues to form new 
stars. Once radiation from the central engine and kinetic energy 
from supernova explosions blow the gas out, the growths of both 
the black hole and the bulge terminate, 


Dark ma 
As its name implies, dark matter neither emits nor absorbs elec 
tromagnetic radiation. Astronomers can infer its presence only 
through its gravitational effects. On the scale of a single galaxy 
stars and gas clouds move too quickly for the pull of visible matter 
alone to hold them in bound orbits. The same is true for galaxies 
roving within galaxy clusters, which would disperse quickly 
without the dark matter glue. Dark matter constitutes about 85 
percent of the universe's mass and provides the scaffolding on 
Which nature erects its visible large-scale structure. 

Hubble scientists used the phenomenon of gravitational 
lensing, in which the gravity of dark matter 
surrounding a galaxy cluster distorts the 
light from more distant objects, to create 
the largest three-dimensional map of 
dark matter's distribution. In addition, 
studies by Hubble of specific galaxy 
clusters, such as Abell 1689, have helped 
researchers create detailed dark-matter 
maps for these objects. These maps have 
helped constrain models for how galaxy 
clusters grow 


{Ajetof high-speed particles shoots from the center ofan accretion disk that 
surrounds the black hole at the center ofthe galaxy M7. The black hole tips 
the scales at about 3.5 billion solar masses. vs towe ota enu sana 


Hubble observations ofthe Bullet Cluster show its distribution of dark mat- 
ter inferred from gravitational lensing) in blue; Chandra X-ray data (in red) 
reveals the site of ordinary hot gas. swe anavroraL rica ass 


Cosmologists long suspected 
that dark matter creates a uni 
versal weblike structure that acts 
as scaffolding for normal matter. 
1 2007, researchers combined 
Hubble observations with those 
from large ground-based instru 
‘ments to come up with this. 
large-scale 3-D map of dark 


. mms - e 
eg . . 
° : ‘ . 
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‘The Hubble eXtreme Deep Field (XDF} shows galaxies out tothe most distant reaches of the cosmos, clase fo the time when the fist stars were starting to 


Pechaps most importantly, Hubble observations in combination 
th those of the Chandra X-ray Ob 
shave shown a 
and the hot ordinary 


Astronomers wer 


tory and ground-based 
lear separation be 
olliding 
not surprised to see such a division, After 
collides and forms sho 


s present in 
all, the ordinary gas in the two cluster 
while the dark matter pass 
magnetic inter 
Hubble n 


through without any electro: 


this phenomenon in the Bullet 
56), Pandora's Cluster (Abell 2744), and MACS 
jentists consider it to he the 


Reionization in the early universe 


3s filled with a 


A few minutes after t the universe 


hot plasma composed mainly of protons and free electrons. As 
poled, it reached a point some 380,000 
years later at which it went through a phase transition 
en atoms. With the 
de atoms, the universe became transparent 
the expandin, 

+ Wavelengths in the micro: 

spectrum, 


the cosmos expanded and 

protons 

trons combined to form neutral hydr 

ms trapped i 

38 billion years since, 

shifted this radiation to much lon 
part ofthe electroma, 
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This phase transition marks not only the bitth of the cosmic 
e background but also the beginning of the so-call 


has stars of 


of about 
eats it started forming stars, Astronomers 
stars produced ultraviolet radiation tha, 
mitted by X 


mos. By the time the univers 


think that these earliest 
pethaps with the help of X-rays 
reionized the c 


ray binary systems, 
was about a billion 

yeats old, this reionization was comp 

One of the key questions in modern cosmology asks what the 

main .ponsible for reionization were. By reaching 


back to times when the universe was about 500 million years old 
plored the galaxy popula 

tion v 
Aided by 


photons capable 


me reasonable assumptions about the fraction of 


of ionizing hydrogen atoms that escaped from 
these young galaxies and the clumpiness of the intergalact 
sdium at these early times, these studies show that if star 
forming galaxies fully reionized the universe, the population 
ind to luminosities fainter than Hubble 


onstraint because the up 


objects 
James Webb Space Tel ‘ST) willbe able to explore su 


faint objects — if they inde 


The atmospheric structure 
of HD 209458b 


Hydrogen envelope of 
‘escaping atmosphere 
10/000~15,000K) 

Carbon and oxygen detected 


‘The sun 


tose) HD 209458 


Sranstion one 
300K) 


> nidate atmosphere 
Sodium detected 


PS ower atmosphere 
Pestle duds 


Hubble observations allowed astronomers to deduce the atmospheric 
structure of exoplanet HD 20945ab, which features alower and middle 
atmosphere surrounded by an extended hydrogen envelope that bleeds 


into space, snow anes arenassnn 


The atmospheres of exoplanets 
Since 1991, a series of observations made from the ground and by 
the Kepler spacecraft has revealed nearly 2,000 planets orbiting 
stars other than the Sun, Although some astronomers continue to 
hunt for new exoplanets, others have started to focus on exploring 
the atmospheric compositions of known exoworlds. Ultimately 
researchers hope these investigations will lead to 
the detection of significant biosignatures — signs 
of life produced by plants, photosynthetic bacte: 
ia, or other biological processes. Biosignatures 
include molecules such as oxygen, ozone, and 
chlorophyll, as well as atmospheric conditions on 
Earth-like exoworlds that are notin equilibrium. 
‘Observations of transiting planets — those 
‘whose orbital planes lie edge-on to our ine of 
sight — made with Hubble and the infrared 
Sensitive Spitzer Space Telescope already have 
detected several atoms and molecules inthe atmo 
spheres ofa few “hot Jupiter” and “hot Neptunes.” 
These giant planets orbit close to their host stars 
and, asa result, have toasty extended atmospheres. 
During a so-called primary eclipse, when a 
transiting planet slides infront of ts star, a small fraction of the 
stays light must pass through the planets atmosphere. Analyzing 
the stellar spectrum can reveal the presence of certain elements in 
that gaseous envelope. This is how Hubble discovered sodium in 
the atmosphere ofa world cataloged as HD 209458). In another 
set of observations, the space telescope detected hydrogen, carbon, 


SCIENTISTS H 


Observations of 
transiting planets 
... have detected 
several atoms 
and molecules 
. a few “hot 
Jupiters” and 
“hot Neptunes.” 


‘This artist'sillutration shows the atmosphere ofthe planet HD 20945ab, 
"hot Jupiter" ina 3.5-day orbit around a star with about 15 percent more 
mass than the Sun, asit evaporates under the intense radiation. urs 


oxygen, and water vapor in this planet’ atmosphere, Hubble also 
found water vapor in the atmosphere of HD 189733b. 

Spitzer researchers have detected water vapor in planetary 
atmospheres during secondary eclipses, when the planet hides 
behind the star In this technique, scientists subtract the light of the 
star alone (when the planet is behind it) from the combined light of 

star and planet (when the planet is in view) to see 
emission from the orbiting world’s atmosphere 

Both Hubble and Spitzer have discovered 
clouds in the atmospheres of several exoplanets, 
including Kepler-7b, G] 436b, and G} 1214b. 
Astronomers expect to be able to characterize the 
atmospheres of even smaller exoplanets with the 
scheduled for launch in 2018 


upcoming JW’ 


Twenty-five wonderful years 
Through these discoveries and more, Hubble has 
informed or altogether changed our views on the 
universe and on the potential existence af ie 
Within it. On one hand, Hubble has shown us how 
ssmall we are compaed to the vastness ofthe cos 


‘mos and how brief our lives are compared to cos: 
mic time. On the other hand, the space telescope has proved that we 
actually can attempt to understand all the phenomena we observe 
out to the universe's most distant corners. As Albert Einstein once 
said: “The eternal mystery of the world is its comprehensibility 

the fact that it’s comprehensible is a miracle.” There is no doubt that 
the Hubble Space ‘Telescope has helped to make it comprehensible. 


-ARNED FROMTHE HUBBLE DEEP FIELDS AT www. Astronamy.com/toc. 
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MARTIN RATCLIFFE and ALISTER LING describe tl 


Viewers in western North America can expecta bright total lunar eclipse 
[April because the Full Moon will be traveling through the northern edge 
of Earth's umbral shadow. Thisimage captures the neatly reversed lighting 
seen during totality April 15,2014. 1007 


pril showers may bring occurring on specific dates, 
May flowers, but this But you can spy the best of 
month's finest shower April's planets on any clear 
‘could deliver a tem: night. Venus and Jupiter dom: 
pest of meteors inate the evening scene, while 
Lyrid meteors will rain down Saturn appears at its best in 
the night of April 22/23, pro the early morning hours. 
viding viewers with thetr frst ‘When it comes to record 
Moon-ftee major shower of setting events, the April 4 
2015. The Moon will be in total lunar eclipse certainly 
plain sight for the month's top ranks high. The Full Moon 
celestial event, however, when passes through Earth's dark 
‘our fully lit satellite passes ‘umbral shadow for 4 minutes 
through Earth’s shadow fora and 43 seconds, which makes 
spectacular total eclipse in the this the 21st century's briefest 
‘wee houts of April 4 view of totality. Infact, you 
These short-lived events need to go back to October 17, 
depend on nice weather 1529, to finda shorter total 


unr eclipse (only 1 minute 
Martin Ratcliffe provides plane. and 4 seconds long), 


tarium development for Sky-Skan, From North America, bet 
Inc, from hishome in Wichita, ter views ofthe eclipse come 
Kansas. Meteorologist Alister the farther west you live. 

Ling works for Environment From east of the Mississippi 
Canada in Edmonton, Albert. River, people will see only the 
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eclipses intial partial phases 
during morning twilight. 
Everyone else will se totality, 
but the Moon will appear 
much higher and in a dark 
sky from the West Coast. The 
eclipse’s partial phases begin 
at 616 A.M. EDT (3:16 a. 
PDT), and totality starts at 
458 a.m, PDT 

Let's begin our tour of 
April planets in the western 
sky during evening twilight 
Mars sets about 90 minutes 
after the Sun on the Ist and 
stands 5° above the horizon 
ahalf-houe later. It shines 
rather dimly at magnitude 1.4 
and should show up to naked 
eyes, though binoculars cer 
tainly will help the cause. The 
Red Planet becomes increas- 
ingly hard to see as the month 
progresses and it dips lower 
in twilight. 

Although Mercury passes 
behind the Sun on April 8, it 
reappears in the evening sky 
within 10 days. This starts the 
innermost planet’ best eve 
ring appearance of the year 
for Northern Hemisphere 


(© Viseto the naked eye 
AB Vise with binoculars 
FF Wilblewith telescope 


‘observers. It will reach its 
peak separation from the Sun 
in early May, but appears 
brighter in late April 

You can look for Mercury 
beginning April 19, Use bin: 
‘oculars to search for the mag. 
nitude -14 planet 7° to the 
lower right ofa barely day-old 
‘Moon. Three days later, on 
the 22nd, Mercury stands 1.3° 
north of Mars. The inner 
‘world should be easy to spot 
at magnitude -1,1, but the 
Red Planet is 10 times fainter 
and will be a challenge even 
with binoculars. 

Mercury's motion against 
the background stars contin. 
ues through month’s end, and 
by the 30th, it reaches a point 
1L7® south of the Pleiades star 
cluster (M45). The magnitude 

‘0 planet then lies 7" high 
in the west-northwest an hour 
after sunset. 

‘As Mercury swings toward 
Earth in late April, a telescope 
shows its increasing size and 
dwindling phase. On the 
19th, the planet appears 6" 
actoss and about 90 percent 


The totally eclipsed Moon a> Ai 7 


vinco . 


Denebola 


Leo 


Edipsed Moon 


‘corvus 


‘April, 5:00 4. POT 
Looking west-southwest 


‘The eclipsed Moon of April stands among the background stars of Virgo, just 
10"from Ist magnitude Spica. cmon aw obec 


\GMOON 


A marvelous night for a Moon dance 


Byrgiusand Byrgus A. Ab 


‘The endearing couple of Terra 
and Luna glides quietly across. 
the solar system's dance floor 
every month. From our earthly 
perspective, the Moon appears 
tocircle us, at times leading and 
then following, butt actually 
never moves backward relative 
tothe audience of stars, What it 
does do is change speeds as its 


distance from Earth changes, Ini- 


tiating a dance astronomers call 
“ibration. Ifyou concentrate on 
ur neighbor's face during April, 
you can see this libration as the 
phases wax and wane. 

Start with the crater Byralus, 
Which esides in the Moon's 
southwestern corner. Although, 
this 54-mile-wide impact fea 
ture doesn't stand out, a much 
smaller crater on its eastern rim 


lit By the 30th, its disk spans 
7" but sunlight illuminates 
less than 60 percent of it. 

You won't have any prob: 
Jem finding Venus even dur 
ing bright twilight. The planet 
shines at magnitude 4.1 for 
‘most of April, a dazaling dia 
mond hanging in the western 
sky for three hours after sun: 
set. Venus begins the month 
in the constellation Aries but 
soon crosses into Taurus, 
Where it remains the rest of 
the month, It passes 3° south 
of the Pleiades on April 10, 
and 7° north of Ist-magnitude 
Aldebaran, Taurus brightest 
star, on the 20th. The Bull’ 
luminary appeats to be the 
brightest member of the 
V-shaped Hyades star cluster, 
though the star actually lies 
only half as far away 

You'll want to be sure to 
catch the whole vista on the 
evening of the 20th, Not 
only is Venus 7° north of 
Aldebaran, but the waxing 

— Continued on page 42 


does. The youngster Byrgius A 
boasts a bright ray system that 
appears quite prominent even 
through binoculars. Each night 
after the April 4 Full Moon, this 
dazzling dimple rotates into 
better view because the Moon 
Is moving more slowly than nor 
‘mal, letting us peek abit past its 
normal southwestern limb. 

‘We swap places during the 
passage through New Moon and 
artive at First Quarter on April 25 
{getting great views ofthe oppo: 
site limb, Using binoculars on 
the 25th or 26th, look or a tio 
(of dark spots on the northeast 
fern limb: Lacus Spei, Endymion, 
and Mare Humboldtianum, 

With each step toward the 
next Full phase, Luna moves 
more slowly than usual and the 


trio rotates away from us. Mare 
Humbolatianum will disappear 
May 1, while the other two reach 
the limb at Full Moon on May 3 
But by that time, Byrgius A has 
spun back into view. 


No Moon means good news for the Lyrids 


We're already four months into the 
‘new year, and the skies still haven't 
delivered a good meteor show. 
‘AFull Moon blasted January's 
Quadrantids, and we've had only 
‘minor showers since. But that 
‘changes the night of April 22/23 
when the annual Lytld meteor 
shower reaches its peak. The wax: 
Ing crescent Moon sets around 
‘midnight local daylight time, 
which leaves the prime viewing 
hours before dawn Moon-free. 

Although the Lyrids typically 
deliver between 15 and 20 meteors 
pper hour at their peak for observers 
at excellent sites, this year could be 
better. Some meteor scientists pre 
dict enhanced rates in 2015, so it 
could pay dividends to be watch 
Ing before dawn April 23, 


lyrid meteor shower > 


Inconspicuous when the Sun les low in the lunar sky as seen here, 
‘Byrgius A displays bright rays near Full Moon. 


Although we've come back 
to the same spot relative to the 
Sun's spotlight, Luna's more 
Involved dance does not repeat 
‘exactly, That grander yc takes 
some 18 years to complete. 


‘Active Dates April 16-25, 

Peake Api 22723, 

‘Moon at peak: Waxing crescent 

Maximum rate atp 
Temeteors/hou 


Seas 


/\aquna>. 


‘The April23 morning sky features many shooting stars as the best 
meteor shower of 2015 firsthalf reaches its peak. 


IGHT 4 


How to use this map: This map portrays the 
sky as seen near 35° north latitude. Located 
Inside the border are the cardinal directions 
and their intermediate points. To find 

‘stars, hold the map overhead and 

‘orient itso one ofthe labels matches 

the direction you're facing. The 

stars above themap’shorizon 
‘now match what's inthe sky. « 


‘Theall-sky map shows 
hhow the sky looks at: 
‘midnight April 

Tp, April 15 

YO rae April30 
Planets are shown, 

at midmonth 


Note: Moon phases inthe calendar vary 
insge due tothe clstance fam Earth 
and ae showin at Oh Universal Time. 
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‘MAP SYMBOLS 
< Open cluster 
© Globutarcluser 


Diffuse nebuta 
Planetary nebula 


Galaxy 


Betegeuses, 
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lunar eclipse 


Uranus in conjunctlon with 
the Sun, 101 EDT 


The Moon passes 2 narth af 
Saturn, 94. EDT 


Jupiter is stationary, 4a, EDT 
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Calendar of events 
3% 1 TheMoonisat apogee (252284 18 iH New Moon occursat 
= rls fom Earth 201 a EDT 257 om, EDT 
4 4 @ fulmoon occurs at 19. Asteroid Palas stationary, 
> 806A EDT toa 7a DT 


Asterold Massala lsat 
‘opposition 6 Au. EDT 


Venus passes 7° north of 
Aldebaran, midnight EDT 


The Moon passes 0.9" north of 
Aldebaran, 1 EDT 


9 Mercury isin superior The Moon passes 7" south of 
D | Conjunction, midnight EDT Venus, 220 EDT 
SPECIALOBSERVING DATE ___22 Lyd meteor shower peaks 
10 Venus passes south of | 35 ut quarter Moon 
the Pleiades star cluster pecelaean 
in the evening sky. ean 
26 The Moon passes 0." south of 
> a if ieaoanw ase asteroid Juno, 3 4s. EDT 
cs C Pometirnin 
‘The Moon passes 5” south of 
15 TheMoon passes 4*north of ‘upter,2#m EDT 
. Neptune, 9 EDT 28 The Moonis at apogee (251,707 


. wv 


The Moon sat perigee (224329 
miles fom Earth), 11:48 a. EDT 


Pluto Is stationary, 3 Ax EDT 


ries fom Earth), 11:55 vn. EDT 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT wwWw.Astronomy.com/ 
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PLANETS The planets in April 2015 


‘8 “objects visible before dawn 


tal lunaredipee 
occurs Apa 


‘Asteroid Maszaliaeaches 
‘opposition Api 20 


©0664 oe 


Tolocate the Moon inthe sky draw ane from the phase shown forthe day straight up to the curved blue line. 
Note: Moons vary in size due to the distance from Earth and are shown at oh Universal Time. 


aS. 
‘Moon phases 


@ ¢ 


The planets these itustrations show the size, pha tation ofeach planet and the two brightest dwarf planets 
7 forthe dates inthe data table at bottom, Souths atthe top to match the view through a telescope. 
in the sky 


oe 


“upter 


i) 


Merry Ss Uranus 


+9. 


MERCURY 


Planets 


VENUS MARS CERES JUPITER SATURN URANUS 


Apa 15 [Apis 
2 59 


NEPTUNE PLUTO 


‘Thismap unfolds the entire night sky from sunset (at right) until sunrise (at lft, 


‘Arrows and colored dots show motions and locations af ola system objects during the month, 


objects visible in the evening, 


“a J] son 
@ ma, ] 
a... /_— 
The planets opter 


in their orbits 


Arrows show the inner planets 
monthly motions and dots depict 


a Neptune 
the outer planets’ postions at mid 
month from high above their orbits 


Salar conjunction 


—— 


Gallisto 
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WHEN TO VIEW THE PLANETS 


EVENING SKY MIDNIGHT MORNING SKY 


Saturn southwest) 


crescent Moon stands 7° west 
of the Hyades' center. The 
arrangement of the Moon, 
Venus, Hyades, and Pleiades 


creates a beautiful scene as the 
sky darkens. The next evening 
isn't too shabby either, with a 
noticeably fatter Moon stand. 
ing 7* to the planet’ left 

Like Mercury, Venus’ tele 


scopic appearance changes 
during April, The apparent 
diameter ofits disk grows 
from 14" to 17" while the 
phase shrinks from 78 percent 
to 68 percent lit 

Jupiter already appears 
high in the south as twilight 
drops its dark blanket over 
Earth, Shining at magnitude 

2, it beats every star and 


Neptune 


{alls short only of Venus. The 
giant world remains visible 
Well into the morning hous, 
setting around 4:30 a. local 
daylight time April 1 and two 
hours earlier by month’s end, 
Jupiter resides among the 
background stars of Cancer 
some 5° east-southeast of the 
Bechive star cluster (M44) 
Typical 7450 binoculars will 
show them both in the same 
field of view, 

‘Swing a telescope toward 
Jupiter, and you'll be quickly 
impressed with the rich detail 
visible in its cloud tops. The 
best views come in the eatly 
evening when the planet lies 
highest and its light passes 
through less of Earth’s 


Mutual admiration society 7% 


Jupiter 


w 
‘pail, 11:50 9.8. €DT 


Europa occult othe evening of April starting just aminute after the 
scene shown here, Less than two hours ater, Europa eclipres 0. 


turbulent atmosphere. The bright dots beside the planet 
first things you'll see are two and lined up with the jovian 
parallel dark belts that strad- equator, Occasionally, how. 
dle a brighter zone tracing the ever, one or more hide behind 
planet's 40"-diameter equator. Jupiter or transit directly in 
Awhole series oflight zones front of the planet. In the lat. 
and darker belts appeats on ter case, the moon also drops 
rights with steady seeing. its shadow onto the planet's 
‘Once you've studied cloud tops. 
Jupiter's atmosphere for a The four moons appear 
While, turn your attention to inorder of increasing dis 
the planet's family of moons. tance (lo through Callisto) to 
Typically lo, Europa, Gany Jupiter's west after midnight 
mede, and Callisto show up as April 2/3. This alignment 


COMETSEARCH 


Catch Lovejoy before it’s gone 


The inner solar system hosts a 
never-ending parade of periodic 
comets. The star af these local 
‘objects Is the infrequent visitor 
1P/Malley, but few others give 
rise to much interest, Luckily, the 
‘once-only renegades from the 
distant Oort Cloud can prove 
duite entertaining, That's what 
happened early this year with 
Comet Lovejoy (C/2014 02). This 
fresh comet brightened unex 
pectedly to 4th magnitude in 
January and put on a nice show 
for anyone who braved the cold 
Ifthe more optimistic pre 
dictions hold, Comet Lovejoy 
still might be an &th-magnitude 
‘object in April, but don't be sur 
prised it’s a couple of magni 
tudes fainter. its on the 
fainter side, you'll need a 6:inch 
scope under a dark sky to detect 
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the ghostly puffball Target the 
time around midmonth when, 
the Moon interferes least. On 
the plus side, Lovejoy remains 
ight as tdi 

front of Cassiopeias stars. 

“The comet’s dust output 
likely is shutting down as the 
dirty snowball heads away from 
the Sun, s0 Lovejoy should 
appear small and round, Bump 
the magnification up to 150x or 
‘more to see detail.Can you spy 
the fase nucleus — a dot of 
bright light at the comet's cen 
ter — through the thinning 
layers of gas and dust? 

Let Comet 88P/Howell serve 
a a backup plan. This periodic 
Visitor comes closest to the Sun 
Inearly April and could grow 
brighter than 10th magnitude. 
Howell moves slowly through 


Visible al 


Comet Lovejoy (C/2014 02) 


ath of 
> Comet 
Lovejoy 


‘This Oort Cloud visitor continues its northward trek through Cassiopeia 
in April. The best views comein the Moon's absence around midmonth. 


‘Aquarius this month, whieh the challenge right away: 
means t's best placed for more Howell lies near MBO, typically 
southerly observers, Messier —_the toughest abject atthe end 
marathoners will understand af along night's observing, 


CATINGASTEROIDS 


The Moon and Venusjointwo Taurus clusters a> tb 


ebetegeuse Nysa plays nice in Virgo the Maiden 

Maimbet asteroid 44 Nysa to locate 1oth-magnitude Nysa 

. vers — Shows up welltivougha inch On the evenings of Ap 2327 
Aidegran 6. telescopettom the country or _adstncive wapezold of stars 
* ORION 4 ‘a 6-inch scope from the sub: makes a perfect background for 
er * Pleiades urbs in April. The 44-mile-wide seeing the solar system object's 

ets 

ee space rock lies about halfway night-to-night movement. The 
a een up in the southeastern sky asteroid lies out in the open the 


during evening hours. You can rest of the manth, so it should 
find the right area easly. Start be easy pickings except when 
With the bright tallstar of Leo, the Moon is nearby through 


magnitude 21 Denebola,and April 4and after the 27th. 

520, 9a then drop 8° due south to 4th German-French astronomer 
Looking west ‘magnitude Nu (y Viginis. Nysa_ Hermann Goldschmidt discov 
lies within 5° of Nuall month, ered Nysa in May 1857. By the 


Abyilint planet, several bright stars, and two pretty clusters forma sci 


fing anetereastel | ugha Race Vigehaspingte Satin cay 
‘begins at 12:04 ast. EDT 138 ast. EDT. Goel i Dieta NY Musee 

eclipses Europa. Observers in begins. ‘The planet shines at ayer Wea 

western North America can ‘magnitude 0.2, significantly ra ts 

orbits of the moons turn ward relative to the starry ‘Main-belt asteroid Nysa glows at 10th magnitude in April as it rides high 
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Celestial mechanics 


SA 


[1 


Astronauts Steven Smith and. 
John Grunsfeld repair Hubble 

in December 1999, squeezing in 
‘three spacewalks and spending 
‘Christmas in orbit before a dash 
home ahead ofthe much-feared 
‘2K computer problems. suse 


SIRI 


How astronauts continually reinvented the most 
important telescope ever. by Ben Evans 


‘merican astronaut Jeff Hoffman and his wile, 
Barbara, hosted friends at their home in Houston on 
New Year's Eve 1993. Three weeks earlier, Hoffman 
had been part of an ambitious space shuttle mission 
to repair the Hubble Space ‘Telescope. The guests 
departed by the end of the evening, and Hoffman was alone in 
his kitchen, clearing away the dishes. Suddenly, the telephone 
rang. It was one of his astronomer friends. 

“Jef hi,” came the greeting. “Do you have any champagn 

“Yeah, {still have a hal-bottle in the refrigerator, Why?” 

“Wel, crack it open because we've just gotten the first pictures 
back from Hubble. It works!” 

Each time the space shuttle left Hubble, a new observatory. 
and a new chapter of discovery was born, From its launch in 
‘April 1990 to the departure of its final human visitors in May 
2009, Hubble was reinvented on five occasions. These missions 
brought new and improved instruments, better computers, a new 
‘mechanical heart, hardier gyroscopes, and enhanced solar 


lef?” 


Kathy Thornton replaces Hubble's solar panel array on STS-61, the first of| 


five shuttle missions to service the space telescope. ss 
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arrays, Each trip transformed Hubble's capabilities and contrib- 
uted to its enduring reputation as the most successful telescope 
ever placed into space. 

However, Hubble wasn't always so clearly destined for success 

When it rose into orbit a quarter-century ago, the telescope 
boasted five instruments whose imaging range not only encom- 
;passed the visible egion of the electromagnetic spectrum, but also 
stretched into the ultraviolet and infrared. Hubble had early trou- 
bles with jittery solar arrays. Then, in June 1990, the telescope fell 
foul toa much-publicized spherical aberration, triggered bya 
‘design flaw inits primary mirror that left it unable to focus. NASA 
was soon the target of late-night talk show hosts and public scorn, 

“The blurring was worst for the crucial Wide-Field and Planetary 
‘Camera (WEPC) and Faint Object Camera. Both instruments suf- 
fered in clarity and their ability to acquire detailed images. 

‘The space agency's investigation pinned blame on an instru- 
ment called a reflective null corrector, used by manufacturer 
Perkin-Elmer to aid the accuracy of Hubble's mirror. A lens in the 
device was incorrectly positioned and guided the polisher to shape 
perfectly smooth mirror, but with the wrong curvature. The 
improper grind specification polished the glass too flat by a mere 
‘othe width of a human hair. It meant that incoming light rays 
from distant sources couldn't focus atthe same point. 

‘A fix would be essential to restore Hubble to its pre-launch bill- 
ing as the most important advancement in astronomy since the 
time of Galileo. 

‘The spacecraft’s primary mirror could not be changed, so an 
instrument had to be designed that would let astronauts give 
Hubble “glasses” while orbiting some 350 miles (560 kilometers) 
above Earth, The Corrective Optics Space Telescope Axial 
Replacement (COSTAR) would see 10 small mirrors — each no 
larger than a coin — placed into the telescope’s focal path to cor 
rect the effect, restore the potential of the instruments, and bring 
their performance close to original specifications. In the decades 
that followed, each new instrument used corrective optics built 
into its design. 


Astronaut Jeff Hoffman 
holds Hubble's Wide-Field 
and Planetary Camera 
during the space tele 
scope’: first servicing mis: 


son in 1993. 


This wasn't justa repair trip, NASA also made improvements, 
So when Hubble's fist servicing mission eventually launched in 
December 1993, the astzonauts were tasked with installing the 
upgraded WFPC2 — originally designed as a spare. Before launch, 
the crew was told that ifthey installed either COSTAR or WEPC2, 
astronomers would be “deliriously happy” but with congressional 
funding for NASA hanging on a knife-edge, this wasn't enough. The 
mission had to be a full success. NASA Administrator Dan Goldin 
told the crew that the space agency’s future ay in theit hands, 
Working in two teams, Hoffman and fellow astronauts Story 
Musgrave, Kathy Thornton, and Tom Akers labored to service 
Hubble on five spacewalks. The first two excursions replaced a 
pair of rate-sensing units — whose internal gyroscopes controlled 
the telescope’ orientation — and the two solar arrays, 


Ben Evans is a British spaceflight writer and author ofthe mult-volume 
History of Human Space Exploration, published by Springer Praxis 
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‘These before-and-after images of spiral galaxy 
Hubble's pre-servicing blurand exactly how wel 


The astronauts completed both tasks, though not entirely 
smoothly. The Sun had warped the gyro compartment doors, and 
they stubbornly refused to close, threatening Hubble's ability to 
stay at the proper temperature, Musgrave struggled for some time 
to close the doors and even tried to push them shut with his hel: 
meted head at one point before the astronauts eventually brought 
them together. The old solar arrays posed their own issues. One 
folded up perfectly, but a bent strut prevented the other from 
doing the same, forcing the crew to dump it overboard. 

Next came the installation of WEPC2, which slid perfectly into 
place and passed an “aliveness” test with flying colors, This cleared 
the way for the smooth installation of COSTAR, which would 
bump out an existing instrument, the High Speed Photometer 

The first servicing mission pushed the shuttle’s capabilities to its 
limits. ‘The astronauts faced an unprecedented task, with integrated 
spacewalking and robotics over five days. The crew brought more 
than 200 tools into space, from power ratchets to portable work 
lamps. All told, their spacewalks exceeded 35 hours, and one of 
them established itself asthe second longest in history at that time. 

‘One of those spacewalks also gave Hoffman the fright of is life 
‘when he removed Thornton's gloves and noticed her fingers were 
bright red. His fear that it was blood was quickly calmed by the 
realization that a chunk of Thornton's red-colored food bar had 
floated away from her mouth and somehow made its way through 
her suit, down one of the arms and into the glove. “Not neatly as 
serious as it looked,” Hofiman said in a NASA oral history inter: 
vview, “but I got quite a shock when I pulled her glove off.” 

The successful repairs came as a reiet for Musgrave, who had. 
been intimately involved in the minute-by-minute planning of the 
spacewalks for two years. He once joked that his only peace and 
quiet away from the mission came while sitting in the dentists cha 

Hubble underwent rigorous testing in the following weeks, NASA 
configured COSTAR, optically aligned and focused WEPC2, and 
‘made test observations. Then, in January 1994, the first stunning 
images from the rejuvenated telescope were revealed to the world, 

But this was just a taste of what would come. Almost two years 
later, WEPC2 supported 10 days of “deep field” observations, identi: 
fying galaxies that dated to within a billion years of the Big Bang. 
The image was instantly iconic. NASA followed their triumph with 
Deep Field South in 1998 and then Ultra Deep Field in 2003-2004, 
which surveyed celestial sources more than 13 billion yeats ld, 


Even as NASA basked in this success, it launched a second servic 
ing mission in February 1997. The 10-day, five-spacewalk extrava 
ganza by Mark Lee, Steven Smith, Greg Harbaugh, and Joe Tanner 


first removed two instruments to replace them with new ones: 
the Space Telescope Imaging 
Infrared Camera and Multi-Object Spectrometer (NICMOS). 

These new arrivals promised to revolutionize Hubble. STIS 


spectrograph (STIS) and the Near 


breaks light up into its component colors, which allows astronomers 
to study an object's chemical composition, motion, temperature 
and density on a level drastically higher than previously possible 

In time, STIS would reveal fine details of star birth, help identify 
supermassive black holes, and investigate the distribution of matter 
throughout the universe. Meanwhile, NICMOS was designed to 
shed new light on infrared.light emitters like brown dwarfs 

The first spacewalk ofthe second servicing mission started later 
than planned after one of Hubble’ solar arrays inadvertently “wind 
milled,” spinning as oxygen escaped from the shuttle’s new air lock. 

“We coincidentally were trained to recognize an uncommanded 
slew of the solar arrays,” astronaut Steven Hawley, whose job was 
to operate the robotic arm from inside the shuttle, ater explained 
in an oral history interview. But he and Tanner exchanged nervous 
‘glances when they spotted the rapid motion, Both men knew the 
arrays were not supposed to spin so quickly, and with all cameras 
focused on the air lock and not Hubble, mission control was 
unaware ofthe full extent of the problem. 

Hawley was convinced that if the event had been captured on 
television, the spacewalk would have been scrubbed and the entire 
mission thrown into jeopardy. Fortunately, that was not the case, 
and Lee and Smith swiflly st to work fitting the new instruments. 
The team also added technology to enhance Hubble’s pointing 
ability and improve data storage. Their work was lauded at the 
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"No sharp image can form when a mirror suffers from spherical aber 
ration, Rays entering across the miror can't focus together 


time by Chief Hubble Scientist Ed Weiler as “the Super Bowl" of 
spacewalking because it placed the telescope “into a position of 
having world-class scientific capability well into the 2Ist century.” 
The astronauts, however, identified several cracks, a pit-like 
crater, and evidence of age-related wear on Hubble's thermal 
insulation, NASA had an extensive overhaul planned for the even. 
tual third mission, but the space agency considered it prudent 


Fine quidan 


‘Astronaut Drew Feustel practices working onan underwater mock-up of 
the Advanced Camera for Surveysin Houston. After its installation in 2002, 
the instrument became Hubble's workhorse. acs 


to immediately attempt a repair. So mission control added a last 
minute fifth spacewalk to the second mission, The astronauts had 
to.use spare pieces of insulation, high-temperature tape, parachute 
cord, and alligator clips. 

Returning safely to Earth, the crew had completed a mission 
that enhanced Hubble far more than the first servicing mission 
that overshadowed it. It was profoundly satisfying for the seven 
astronauts. After two years of training and a flawless execution, 
Lee declared that he was ready to buy his crew mates a drink. "Up. 
here,” he said from orbit, “we've got some orange mango drink and 
some lemonade, but that’s about as stiff as it gets. So I'm ready for 
a margarita!” 

“Hubble 2” was Weiler’s description of the telescope when the 
second servicing mission crew departed. Their work had trans: 
formed Hubble from a 1970s spacecraft with 1980s optics into an 
observatory fit for the new millennium and laden with modern 
instrumentation, 


Awider view 

However, in March 1997, NICMOS, Hubble's infrared camera, 
suffered an electrical short that caused it to lose all of its nitrogen 
coolant by January 1999, and it was shut down, This proved bit 
terly disappointing, asthe instrument had already shed new light 
on the changing atmospheres of both Uranus and Neptune. 

‘An instrument repair was planned for the thied servicing mis. 
sion, which NASA broke into two phases. The frst, SM-3A, was 
delayed until December 1999, and by the time the crew reached 
Hubble, the telescope had lost its fourth of six gyroscopes and 
been forced to suspend its observations. Hopes to make four 
spacewalks on SM-3A came to naught as the mission slipped 
toward the end of 1999 and NASA — worried about the implica 
tions ofthe much-hyped Y2K computer bug — wanted the shuttle 
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back on the ground before the dawn of the new millennium. To 
achieve this, mission managers shaved two days and one space 
walk from the flight. For only the third time in history, American 
astronauts spent Christmas in space, a fact that Scott Kelly had 
taken time to discuss with his 5-year-old daughter. 

“L told her that we were going to point the telescope at the 
North Pole and get a picture of Santa,” Kelly said from orbit, 
according to news reports at the time. “She was all excited and 
really didn’t mind too much her dad being away for Christmas 

Nevertheless, the SM-3A astronauts completed a major over- 
haul in three spectacular spacewalks, each of which exceeded eight 
hours in length. “Eight hours was a long time,” astronaut john. 
Grunsfeld told a NASA interviewer. “I felt comfortable with that. 

But I would say at the end, we were getting pretty darn tired.” 

The remaining tasks took place on SM-3B, which flew in March 
2002. Astronauts removed the last of Hubble's original instruments 
to make room for the Advanced Camera for Surveys (ACS). The 
instrument would cover twice as much sky with double the clarity 
and four times the speed of WEPC2. ACS, with its built-in corona. 
graph to block out light from stars, would allow astronomers to 
see their surrounding environments and permit observations of 
extremely dim exoplanets. Astronauts also hooked up a new exper 
imental cryocooler for NICMOS on the final spacewalk. After 
three years out of action, the infrared camera was back in service, 

Their success was fortuitous, and Grunsfeld, also a professional 
astronomer, joked that failure would have meant he could never 
show his face at American Astronomical Saciety (AAS) meetings, 


The Hubble huggers 

NASA Administrator Sean O'Keefe canceled along-planned fifth 
servicing mission to Hubble in January 2004 following the space 
shuttle Columbia disaster, which claimed the lives of seven astro. 
nauts. Grunsfeld, then serving as NASA\s chief scientist, took it as 
ahammer-blow. He considered quitting the space agency 

“Asa certified ‘Hubble hugger; that hit me like atwo-by-fousr in 
the head,” he recalled. “I just couldn't believe that we would pre 
rmaturely make that decision,” 

The cancellation was also met with criticism from the public and 
politicians, most notably Senator Barbara Mikulski of Maryland, 
‘whose home state plays host to the Space Telescope Science Inst 
tute, which operates Hubble. Several months later, in June 2004, 
O'Keefe explained his decision before an AAS meeting in Denver. 


Joe Tanner poses fora picture by fellow astronaut Greg Harbaugh in 1997 dur 
ing Hubble's second servicing mission. The trp revolutionized Hubble with 
instruments itfor the new millennium. 


“The easy route would have been for us to keep plugging along 
and hope for the best,” he said, “But hope is not a management 
‘method we should rely on to keep Hubble operating.” 

In O'Keefe’s mind, he was faced with two undesirable options: 
fy a shuttle mission without fully complying with the recommen. 
dations of the Columbia Accident Investigation Board, of allow 
Hubble to die prematurely. 

His solution was for NASA to explore a robotic mission to 
Hubble before the end of 2007, Grunsfeld participated extensively 
in the early planning phase, but ultimately such a mission was 
too complex. 

O'Keefe’ resignation from NASA in December 2004 kindled a 
spatk of hope that his successor might approve another shuttle 
mission, and when Michael Griffin became the new NASA admin. 
istrator in April 2005, he was far warmer to the idea. 


In need of TLC 
However, Hubble had other difficulties. STIS, whose impressive 
accolades would eventually include the first spectrum ofan exo: 
planet's atmosphere, had suffered an electronics failure in August, 
2004 and was shut down. In addition, Hubble's main camera, 
ACS, malfunctioned in June 2006 and was later hit by a short 
‘cit in its backup power supply, which put it out of ation. This 
left the aging WEPC2 as the primary visble-light camera 
‘More trouble was afoot. With the fifth servicing mission finally 
planned for October 2008, Hubble endured a failure a its Science 
Instrument Command and Data-Handling Unit in late September. 
This forced NASA to postpone the astronauts’ trip to train the 
‘crew on another repair task. Meanwhile, a software upload caused 
NICMOS’ cooling system to operate sporadically. 
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Mike Massimino, who flew 
to Hubble twice, smiles 


The final servicing mission took place in May 2009 and 
involved five spacewalks intended to carry Hubble through at 
least 2014. Spacewalkers Grunsfeld and Drew Feustel replaced 
WEPC2 with Wide Field Camera 3 (WEC3). Despite some dif 
ficulty removing the old camera’s bolts — which required more 
torque than expected after 16 years in space — they succeeded in 
pulling it out and installing the telescope's most technologically 
advanced visible light instrument. 

They also installed the Cosmic Origins Spectrograph, allowing 
Hubble to perform far- and near-ultraviolet spectroscopy of faint 
point sources — white dwarfs, cataclysmic variables, and binary 
stars — and study the origins of large-scale structures in the uni 
verse, including the formation of galaxies and the birth of stellar 
and planetary systems. 

"As with his two previous visits to Hubble, Grunsfeld took a 
poignant moment to pat the telescope goodbye, knowing that he 
would never see it again. But when the shuttle departed, Hubble 
‘was left in its best-ever condition, with present estimates suggesting. 
that it may remain functional until 2020. 

The work performed by the five shuttle crews between 1993 
and 2009 transformed Hubble from a white elephant into a white 
knight of astronomy. Twenty-eight astronauts supported 23 space- 
walks, totaling 166 hours, And of the 10 longest spacewalks ever 
undertaken, four of them were done while working on Hubble. 

“Three hundred years from now,” said Hubble's senior project 
scientist, David Leckrone, “none of us in all likelihood will be 
remembered as individuals, but certainly the Hubble Space Tele 
scope will be remembered as a high point in human civilization. 
That’s an awe-inspiring thought and something that motivates us 
todo our very best for Hubble and for science.” @ 
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How Hubble ~ 


CHANGED | 


Think today’s society would be the sam 
without the big eye in the sky? Think agai 
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For the observatory’ 20th 
Hubble took this image of the 
Nebula (NGC-3372). 


he Hubble Space Telescope — 
arguably one of the greatest tech 
nological achievements ever — 
was in trouble, Astronauts were 

BB to conduct a fifth and final ser 
vicing mission of the observatory in 2004, 
but in January of that year NASA canceled 
the mission, citing safety concerns. The 
public, however, wanted to save the great 
scope, They wrote to astronomers, the 
space agency, members of Congress, and 
the media to reinstate the mission. And it 
worked. In 2006, NASA announced that it 
would send astronauts to service Hubble 
cone last time. 

‘The telescope clearly has had a pro- 
found impact during its quarter-century of 
observations — on science and exploration, 
of course, but also on a much wider audi 
ence, Other scientific facilities have tried to 
emulate Hubble’ formula, but none has 
come close to the impact this telescope has 
had. A combination of attributes makes 
Hubble an immensely influential project. 
Its incredible views of the cosmos, which 
are both gorgeous and real, bring the 
excitement of discovery to households 
across the globe. Its images have inspired 
artists in many mediums to produce musi 
cal compositions, paintings, and choreog. 
raphy. But another aspect — the direct. 
human interaction and involvement in the 
mission — helps hold Hubble's science in 
the public mind. 


It wasa different story in 1990. When 
Scientists saw Hubble’ first images in May 
of that year, they were disappointed and 
frustrated. Technicians had ground and 
polished the telescope’s24-meter mirror 
to the wrong shape, soit couldn't focus the 
light it collected into crisp points; Hubble 
had fuzzy vision, Politicians ridiculed the 
project, comedians made it the brunt of 
jokes, and the U.S, public thought ofits a 
costly mistake, People were angry — after 
all, it was a primarily federally funded 
mission, so taxpayers had footed much of 
the bill, some $2.5 billion at that point. 

But scientists and engineers had devel 
oped Hubble to be serviced. And that 
aspect ofthe mission is what saved it. 

NASA and the Space’Telescope Science 
Institute (STScl), which operates Hubble, 
faced the problem and found a solution in 


Hubble images collected inthe mid-1990s inspired 
Astronomy Contributing Editor Liz Kruesi to 
study physies to understand the science respon: 
sible forthe strictures in those gorgeous shots 


The Pillars of Creation,” a star-forming region in 
the Eagle Nebula (M16), is probably the Hubble 
Space Telescope's most icanicimage. wish: 


just three years. In December 1993, astro 
‘nauts aboard the space shuttle Endeavour 
installed two instruments on the telescope: 
anew camera and the Corrective Optics 
Space Telescope Axial Replacement 
(COSTAR) that acted like eyeglasses. 

TThe new lenses worked. Hubble could 
resolve details never before imaged, like the 
‘wisps of gas around baby stars and suns in 
distant galaxies. 

Since the repairs, the telescope has con- 
tributed to countless scientific discoveries 
and even a Nobel Prize in physics (see 
“Hubble's top seven science discoveries” on, 
p. 28). On a more public level, teachers post 
Hubble's spectacular images in classrooms, 
and outreach materials from the project are 
part of education curricula throughout the 
United States, explains STScl’s Kenneth 
Sembach, who began working with the 
telescope when it launched. 
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nilia 
Hubble's pictures strike a chord with peo: 
ple. Of course, they are gorgeous, which is 
‘no mistake, When the telescope images a 
celestial object, it does so through filters, 
each of which allows specific wavelengths 
to pass through. But Hubble collects more 
than visible light. Its detectors also can 
record ultraviolet and infrared radiation, 
For those images, scientists assign the col- 
‘ors red, green, oF blue to each filter. The 
end product isa false-color rendition of 
the target, but one that effectively conveys 
its essence while retaining the valuable 
scientific data, 

‘Many of the images look like works of 
art, but whats important, says STSc’s 
‘Mario Livio, “is that as beautiful as these 
things are, they actually exist somewhere 
in our universe.” The laws of physics and. 
chemistry have created these incredible 
structures, and Hubble has revealed them. 
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‘AOn December 18,2012, scientists at the Space 
Telescope Science institute, realizing thatthe 
ppublicloves Hubble's images, released this one 
they called “A Cosmic Holiday Omament.” The 
image shows planetary nebula NGC'5188. 


‘+ This image, dubbed the Hubble Deep Feld, 
‘Captured the imagination of scientists and the 
publicwhen the space agency released tin early 


Hubble took tis image of star-forming region NGC 3324 to celebrate its 10th anniversary in space. 


Probably the most iconic image from 
Hubble is its portrait ofthe “Pillars of 
Creation” in the Eagle Nebula (MIO), 
which astronomers released in November 
1995 (see p. 26). Those three columns of 
‘gas and dust, shaped by the radiation and 
particle winds of newborn stars, fll the 
field of view. "That image, the way it was 
framed was brilliant,” says Sembach. “It fit 
within that chevron shape of the camera 
that was on board at the time so beaut 
fully, and it was orientated in a way that 
‘you get the full pillar effect.” 

The image shows depth that many pho: 
tographs of celestial objects can’t capture 
and gives the pillars three-dimensionality 
They look like something you could touch, 
and that quality helps draw the public in. 
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‘But that image strucka chord with peo. 
ple for another reason, too, The colors sci 
entists chose for the composition are 
familiar. The pillars resemble structures on 
Earth, which makes this image relatable, 
‘When STScI released the image, the 
accompanying text drew the following 
comparison: “The pillars are in some ways 
akin to buttes in the desert, where basalt 
and other dense rock have protected a 
region from erosion, while the surrounding 
landscape has been worn away over millen 
nla.” And although the scales of these 
objects are vastly different — earthly rock 
formations can extend from a few to hun 
dreds of feet, while the cosmic pillars are a 
few light-years, or trillions of miles, long 
the public embraced the connection. 


Art historians also have extended the 
comparison. Elizabeth Kessler of Stanford 
University, for example, has studied many 
Hubble images and written a book about 
the artistic choices that researchers have 
used in the photographs. She looked at how 
scientists frame objects and what colors 
they assign to different filters. While 
astronomers designate specific “colors to 
communicate physical attributes of the 
nebulae or galaxies, different temperatures, 
or the locations of different kinds of gases, 
those same colors often also suggest a kind 
of earthly landscape,” says Kessler: 

Hubble images are ethereal and eerie 
but atthe same time familiar. “I think the 
{mages themselves walk this really careful 
line between looking very alien and strange 
and exciting,” Kessler says, “and yet they 
also remind us of places that have been 
explored and understood here on Earth.” 

For researchers, Hubble satisfies a desize 
to explore, whether by imaging a nearby 
‘world or investigating galaxies billions of 
light-years away. The telescope has imaged 
dst storms on Mats, discovered disks of 
‘material around young stars, and seen qua 
sars across the universe. And through all 
the research, Hubble has brought the public 
along for the ride, “Ithas taken the excite 
‘ment that the scientists usually feel with 
new discoveries and brought it to homes of 

s Livio, 
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American physicist Lyman Spitzer tence paper based on its observation published 
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Inthe 12th episode ofthe television series 
Futurama, the characters destroy te Hubble 
Space Telescope by mistake 
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The US. Congress Discovery(STS:31) | | Naked Gun2The | space shuttle Endeavour, 
a approvesfunding | The Space launches, carrying | | SmelfofFearflm- | marks the fst serving 
i fora space tele Telescope Science the Hubble Space |_| makers place apc mission, Shute ato 
i scope In 1983, Institute begins Telescope and | | ture Hubble inthe | nats install COSTAR, 
2 NASAnamesitin | operationsin deploying itinto | | BlueMoon Cafe on 8 
honor of Edwin, Baltimore orbit the next day, |_| wall displaying fi 
2 Hubble. ures appears 
: betwen the Titanic 
: andthe Hindenburg, 


ated a contemporary dance titled The Natural History in New York City and at 
While scientifically important, Hubble's Matter of Origins, in which the first half of the Maryland Sc enter in Baltimore 
images are works of art and have appeared _ the piece focused on the physics of the uni- in 2010; his Heav usel showed at 
in exhibits in places like the Walters Art se, Lerman used images from Hubble, Accademia dei Lincei in Rome in 20M. 
Museum in Baltimore and the Istituto data from particle accelerators, and scien: Composer Paola Prestini recently 
Veneto di Scienze, Lettere ed Artiinthe tific equations throughout. worked with Livio on a contemporary clas 


Palazzo Loredan in Venice, Italy. Even German artist Tim Otto Roth created sical multimedia composition that mi 
artists of different mediums have drawn two pieces incorporating light and sound _an orchestral arrangement, vocalists, spo: 
inspiration from the telescope. that he based on Hubble's investigation of ken word, and film — all to connect 
‘Choreographer Liz Lerman, once the the universe. His From the Distant Past (see human life to the lives of stars, (The c 
recipient of a MacArthur “genius grant, owed at the Am M Iaboration also includes a librettist, Royce 
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‘To commemorate Hubble's 
100,000th orbit, astrono- 
mars released thisimage of 
nebula near star duster 
NGC2074. passa uate 


FROM THE CLASSROOM TO POP CULTURE 


Editors note: The Hubble Space Telescope has 
catapulted few people into pop culture as ast 
‘2s Hanny van Arkel, So, Astronomy invited 

the Dutch schoolteacher to tell her story here. 


Back in 2007, signed up forthe online ct 
zen sclence project Galaxy Zoo. Chris 
Lintott had invited the public tohelp him 
classify galaxies acquired with the Sloan 
Digital ky Survey using a home computer 
Interface. had heard about this through 
(Queen guitarist and astrophysicist Brian 
May, who mentioned iton his website. 
That my passion fer music would one day 
lead me to become a somewhat well 
known amateur astronomer was some 
thing never could have guessed, 

Ione ofthe pictures, spotted a 
remarkable looking blotch. sent Lintott an 
femal to ask what it was, Lintot then 
Invited meon the team to investigate 
Using follow-up images taken with Hubble. 
certainly learned alot — not only about 
the abject, but about the process, too. 
Meanwhile, the press got interested and | 
became a spokesperson, giving lectures 
across the word 

There's also a camic out about my story, 
and Lintott and May mention Hanny’s 
Voorwerp (Hanny/s abject) in their atest 
book. |am grateful for these experiences, 
and | fel fortunate to be able to tell the 
World that itis alt of fun to be an amateur 
astronamer. — Hanny van Ake! 
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anny van Arkel 
wasaDuteh 
schoolteacher 
prior to discov 
ring her oor 
rp (Dutch for 
object). The 
media frenzy car 
tied her into th 
heart of pop cul 


In 2007, van Arkel discovered this strange 


‘object now classified as a quasar ionization 
echo} near the spiral galaxy C2497 Since 
then astronomers have discovers 

objects 


Vavrek, and filmmaker Carmen Kordas) 
The Hubble Cantata “fuses the story of the 
struggle associated with human life with 
the continuous cosmic battle that stars 
have to conduct against the universal force 
of gravity,” says Prestint 

“The structure of the work includes 
‘movernents and songs by the soloist, with 
interjecting interludes that include the 
choir and an electronic tapestry made of 
[Livio’s] voice, imagined space sounds, plus, 
the improvising of a very special violin 
soloist” she adds. “The Hubble images 
appear during the interludes and take on a 
life of their own: They contort, grow, and 
fuse with physical life — reminding us of 
where life originated and where we might 
be all headed.” 

The Hubble Cantata debuted July 2013, 
and was performed again in November of 
that year. The collaboration is expanding 
the cantata, says Prestini, and the ful: 
length version should be complete for the 
telescope’s 25th anniversary. 

While these examples incorporate the 
beauty of Hubble photographs, artistic 
messages, and science, the telescope’s cos. 
‘mic imagery also has been used in more 
commercial instances, like album covers, 
stamps, and clothing — because, heck, why 
not wear a dress, swimsuit, of tie adorned 
with Hubble images? 


Hubble house calls 
But it’s not just about the images. Another 
‘major reason the telescope has had such 
an impact i the “human involvement in 
the servicing of Hubble aver the year 
says Sembach, “It's like sending a doc 
tor on a house call. The telescope is sick; 
somebody goes up to fix it 

This month, Hubble turns 25, and luck 
isn't what got the telescope to this point. 
Scientists and engineers planned the mis 
sion well place the telescape into near 
Earth orbit, ata distance where the space 
shuttle can reach it, and then have astro 
nauts service it. During the five servicing 
‘missions, astronauts have upgraded the 
electronics, zeplaced the telescopes gyro: 
scopes (which are crucial for pointing the 
observatory at celestial targets), and 
installed new scientific instruments 

‘Humans have essentially created a new 
observatory during each servicing mission, 
says Sembach, And that, he adds, “really 
helps to keep i at the cuting edge of what 
scientists are working on, Ithelps it to 
actually push that edge.” 

Ivalso helps that humans — including 
the public — got involved to fight a vocal 


public battle to convince NASA to send up 
the final servicing mission. (Eor more on 
this, see "Saving Hubble” on p. 44.) 


The astronomical culture 
In addition to Hubble's tremendous 
impact on the public’s interest in science, 
the project has helped drive research and 
collaboration in the professional astron 
‘omy community. Justa quick look at sta 
tistics compiled by the American Institute 
of Physics shows a drastic increase in the 
numberof students studying astronomy 
over the past three decades. 

In the mid-1980s, there were some 700 
students enrolled in US. graduate astron: 
omy programs; by 2012, the number was 
up to roughly 1,100, Three decades ago, 
universities awarded between 70 and 80 
dctorates per year; in 2012, the number 
had doubled to about 150, 

‘On average, some 40 doctoral research 
projects each year are based on Hubble 
data, says Sembach. “The pool of postdoc 
toral fellows in astronomy is now two or 
three times bigger than it was just 20 years 
ago,” says Meg Urry, the current president 
‘of the American Astronomical Society. The 
students who were in thei formative edu: 
cational years — elementary, middle, and 
high school — when Hubble began sending 


‘AHubble image ofthe Hourglass Nebula appears 
‘onthe cover ofthe 2000 CD Binaural by the rock 

‘band Pearl Jam. California Guitar Trio's2010 CO, 

‘Andromeda, ures Hubble mage on ts cover 


[Artist Tim Otto Roth's From the Distant Past translates spectra of distant objects that Hubble captured 


back its incredible images and contributing 
to major discoveries are now early-career 
professors or postdoctoral researchers. 

“Astronomy departments have grown, 
and, equally important, physics depart: 
ments have been adding astronomers to 
their faculty.” Urry says. The statisties are 
even more telling when looking at under 
graduate degrees: In the mid-1980s, 
about 140 students earned a 
bachelor’s degree in 
astronomy, but in 
2012, two and a half 
graduates earned 
bachelor’s 

Hubble also 
has influenced 
how and when 
astronomy pro} 
ects release their 
data, When 
Robert Williams, 
then director of 
STScl, and his team 
collected the individual 
frames for the Hubble Deep 
Field (HDE) composite in 1995, they pro: 
cessed and released the data in two weeks, 
Scientists who use federally funded astro- 
‘nomical instruments have one year to keep 
the data to themselves for analysis. But the 
HDF scientists “thought fora facility ike 
Hubble, which was very expensive and paid 
for by the public, that we owed it to the 
community, both the professional and the 
public, to make the important HDF data 
available immediately” says Williams, 

They helped change the culture of 
astronomical observing. And now, when 


HUBBLE 


POP CULTURE 
CONTEST 


Gesa-F 


For Hubble's 20th anniversiry, the 
European Space Agency conducted a 
‘Hubble Pop Culture Contest. 


into green animated laser projections on prominent facades in public spaces, as for instance atthe 
Maryland Science Centerin Baltimore in auturnn 2011 


‘undergoing the peer review process to 
obtain telescope time, “the panelists who 
review especially larger proposals tend to 
favor groups who propose and promise that 
they will make the data available immedi 
ately” he adds. Future projects, like the 
Large Synoptic Survey Telescope, set to 
come online within a decade, will follow 
this trend and make all data available 
immediately. 


Along life 
While other space 
observatories have 
conttibuted to 
major ast: 
nomical dis 
has remained 
operational 
for as long 
as Hubble. In 
that time, it has 
clearly ingrained 
‘tse in the minds 
of the public, popular 
culture, and the media 
Williams credits many of 
Hubble's later years tothe public who 
fought alongside astronomers to save ita 
decade ago, "The telescope has been work 
ing perfectly since” he says, Scientists 
expect to operate Hubble until at last 
2020, but “You never know how long it will 
last,” says Williams. “Space isa hostile 
environment” 

Whenever that fateful day arrives, says 
Sembach, “A lot of us are going to fee like 
‘we've lost a family member.” I's likely sc: 
entiss involved inthe mission won't be the 
only ones to feel the loss. » 
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of dazzling images 


The space telescope’s extraordinary vision has revealed star clusters, 
nebulae, and galaxies in detail no one could have imagined. 
by Richard Talcott 


he calendar says a quarter-century has passed since the 
space shuttle Discovery lifted its cargo of dreams into 
low Earth orbit. Elevated above the distorting effects 
of our planet’ turbulent atmosphere, the school-bus 
sized Hubble Space ‘Telescope promised clearer view 
of the night sky than humans had ever witnessed. 
Sure there were glitches, most notably a primary 
‘mirror ground to the wrong shape and equipment that 
inevitably wore down under the harsh conditions of 
space, but NASA anticipated problems. A series of five servicing 
missions not only restored Hubble to its original specifications but 
also rebuilt the observatory into a 2ist-century science machine, 
With new cameras and spectrographs operating nearly 24/7, much 
‘of what Hubble does today could hardly be dreamed of in 1990, 
Just how much has Hubble accomplished during its 3-billion 
nile (5 billion kilometers) journey around Earth? Scientists have 
published more than 12,000 papers in peer-reviewed journals 
using Hubble data. And not all of that science has come from new 
observations — researchers routinely plumb the Hubble archives, 
which currently hold more than 100 terabytes of data 
But to most of us, Hubble's greatest contribution has been its 
images, which span the cosmos from next door (the Moon) to the 


‘The Eagle Nebula. 
Scientists recently a. 


getdonesttubbles universe's earliest galaxies, In its 25 years, Hubble has snapped 
iconic subjects—the more than 1 million images of nearly 40,000 objects, The 28 we 
Eagle Nebuls 410) show here are the cream ofthe crop, though, truth be tod, it would 
Wihincspectee. be easy to pick an entirely different set and say the same thing. 
scopes Wie Field 

Gamera (WFC Senior Editor Richard Talcott has covered HubbIeS tals and tlumphs 


Inve: Inthe nea: 

Infared, WECS shows 
iar slhouetted 

agaist background 


throughout the observatory’ 25 years in space. 
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lent estimate that Abell 1689 
contains ‘of glakes and hold upto S00 
tlion times the Sun's mass. Allthat mater warps 
surrounding space, distorting and magni 

from mars 


3. The Cone Nebula, Massive stars of the top of 
this image emi ula odes the 


characteris 
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vavelengths 


Seen at center lared to become one of out galaxy’s 
‘most luminous. This view from two years ater cap: 
tures surrounding dus hel i up by the eruption, 


6.Omega Centauri. The Mil 
lar star cust 
milion st 


7. Supernova remnant N49. Husbe lets astrono 

be abects in nearby galaxies witha daity 
previously impe 2m point these splinter 
Temains of a masive star that exploded 160,000, 
Tight years from Earth inthe Large Magellan 
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‘Arp 273. When 
wap their norm: 


1. The Helix Nebula, The intricate shapes of 
planetary nebulae, ike the Helix Nebula NGC 7292) 
and the others on this spread, make them among 
Hubble's most dramatic subjects, These objects are 
the death throes of Sun-like stars, which puff of thelr 
‘outer ayers — often several times —when they 
evhaust thelr nuclear fuel winenoeaTesac 


y9raph Nebula. The progenitor star 
ofthe Spirogranh Nebula (C418) cat ofits outer ly 
rs multe times filing the planetary’: interior with 
lots of ga. A ite dar stands out tthe heart of 
the nebula: such stars energize the nebulls gas and 
‘auseitto glow. aassarichumurenter Tan sons 


2. The Eskimo Nebula. Astronomers nicknamed 
this planetary the Ekima Nebula (NGC 239) because 
itloos like a human face surrounded by a parka hood 
through earthbound telescopes. Hubble resolves the 
parka’ “ur ito myriad streamers of eas that resem 
Bie giant comets painting toward the nebula center 


44. The Retina Nebula, An inegular web of dark 
dst lanes cisscrosees the central regions of the 
Retina Nebula (C4406). Each ofthe anes roughly 
twice the sze of Pluto's obi around the Sun. This 
image has been color.coded so hydrogen appears 
‘green, oxygen blue, and nitrogen red usa 


5. The Red Rectangle. This object has 
reached the planetary nebula stage Although the 
ying star at centr has elected much of its outer 
stmosphereithas not yet evolved into a white dwarf 
Cool dust, which forms the unique features that look 
lke the rungs on a lade, elects starlight. asa 


‘The Blinking Planetary. Through amateur 
telescopes, the Blinking Planetary’ (NGC 6826) cen 
teal white dar isso bright that it overwhelms the 
nebula when viewed directly the nebula “blinks on™ 
wien looking tthe side. Hubble shows both cea, 
alongwith two red patches near the nebula’ edge 


7. The Cat's Eye Nebula. Mass oss n aging stars 
doesn't always follow one patter. The Cat's Eye 
Nebula (NGC 6543) shows atleast 11 concent shell 
ssrrounding its central white dar, ach one eected 
{31.500 year interval. But about 1,000 year go, the 
process changed and forged the bright regular halls 
fn the inside, acre 


18. The Ant Nebula, Astronomers aren't sute what 
‘causes the narow “walt” that es between the two 
‘losing labes ofthe Ant Nebula, 50 called fois 
fevemblanee tothe common insect. Some suspect 
an unseen companion sweeps material ot ofthis 
region, while others think magnetic fields da the job 


NGC 602 have earved outa cavity ina surrounding 
cloud of ga and dust located on the outskirts of the 
Milky Way's satelite galaxy, the Small Magellanic 
Cloud. Thisimage combines Hubble observa 

(chown ase, green, and bv) with Xray (pup 
andinfared THE cA 
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tar explode 

"he star’ atered 
oughly 75 light-years. Thi 
bbe image sho 


remains nw span 3 


previously normal spiral NG 
Spiral’ arms and dark dust lanes now play haphaz 
ardly across that gaan: dsturbed dk, while lve 
nots race the sites of angoin 


This hourglass shaped stellar Galaxies NGC 4038 and NGC 

pans 2 i ‘merging, This cosmic collsion i giving birth 
the Miky Way's plane nth bilions of new tars, most of which belong to 
young star jut below center vere the buh lobes bright blue str chistes. The large yellowish globes at 
ome together) sculpt the suraunding nebula's intr upper ight andlower lf are the cares ofthe orginal 
tate shape. aatarie waned Tanai alanis, wsastarnenth era ean 
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Nebula (442), This dense cloud of gas, dust, nd 
Young stasis jus 1.500 light year rom Earth. The 
hottest, most massive stars already have emer 

from thei natal cocoon nats hors 


=Exclusive podcasts from 
Astronomy magazine 


eure tar 
Pasta a 


Editor David J. Eicher interviews 
the world’s top scientists! 


Monthly hourlong conversations with the greatest 
minds in astronomy, covering cosmic beginnings, how 
life will end on Earth, Mars exploration, the search for 


" ° 
extraterrestrial intelligence, and much more! — ALAN STERN 
4 The Journey to Pluto and 
. é Why itsStilla Planet 
— ' 


a LISTEN NOW AL woe wAstronom com/superstars 


Astronomy’s experts from a 


mic ques 


ALIEN 
AIRWAVES 


‘The Chinese spacecraft Chang'e 5-71 retumed this image of Earth and the 
farside of the Moon as part ofan engineering test trip fora future lunar 
sample return mission. cussnaious cru 


on Schmidt Oro Vale, zona 


Space beacon ‘As Many people assume that Sull, even if you had ahhonking, | Az The Moon keeps its familiar 
radio signals only can travela | millon-watt narrowband irns- | face pointed toward Earth but 
romani 2 limited distance before they mtter broadcasting inal diee- | there are two stable positions. 
nds tnonicst are like the Robinson family, | tionsand located one-tenth ofa | ‘also would be stable fits 
a lost in space. They believe light-year away, contemporary farside faced our planet. At the 
theresa range beyond which | SETTexperiments wouldn't be | present time, there ate amall 
on transmissions reach aninten- | abet find. And thats not | impacts that must kick the 
ary sity lower than background tvenasfaras Alpha Centauri | Moon avn from perfect or 
csv static and therefore become the otherhand, suppose | entation. When that happen 
thoroughly undetectable. that megawatt transmitter itoscllates about its stable 
a T's not true. Yes, radio sig were mounted on an antenna orientation in two ways. The 
nals diminish in intensity with | the ize ofthe Arecibo radio | Maon can rock back and forth 
Sp ricebarn the square ofthe distance just | telescope in Puerto Rico, which | in the east-west direction. This 
a4 as light does (afterall radio is 1,000 feet (300 meters) in ovcillation takes 1056 days, or 
wee 22 and ight ate both eectromag- | diameter. Focused in our dinee- | 2.9 yearn The hina poles also 
shewpecuiares | qpoets teenie netic waves), But nonetheless if tion, the intensity ofthe signal can become unstable, causing 
you havea large enough would be increased by more year wobble Earth's poles 
60 fttenna and adequate observ. | than 10 million times. twould | experience a similar effect 
Poorer ime, you can tase outa be detectable by our current called Chandler wobble 
igual no matterhow farthe | SETT experiment at a range of The Moon also experiences 
121.0 capate transmit, The background nearly 300 light-years. There | tidal distorion from Earth's 
neo pce tote tinplyaveregescutwik | areabouteraiionscreye, | gravatina pull 
‘the Moon time, while the signal relent tems closer than that. Glant basin-forming im. 
Prrcuns lessly builds up. Astrophotogra- Itcomes down to this: SETI pacts could have reoriented 
19007, Bree phersknow this well Witha | scientists are betting thatextr-_| the Moon early in its lifetime 
osm 9 Bigenough telescope and along | terrestrialsareetherfocusinga | Such large impacts would have 
MMMM | csough exposure, theycan suc- | signal in ourdirection or wield | eft the Moon rocking by large 
Ove Tienes cessfully image objects at great | tranumitters far more powerful | amounts until the friction 
sho_/ distances. than our own, damped the motion, These 
The best SETI experiments Seth hostok_basin-forming impacts hap 
can detect narrowband radio. Sinthae pened when the Moon was 
Signals — those confined toa Mountain View Cofomia ich closer to Earth 
tiny range of frequencies — a The most obvious effect of 
sensitivity level of 10° watts 180° rotation would be to face 
per square meter wth afew the brighter farside hightands 
PURER: tinates of exposure ime toward Earth a Fll Moon, 
aass That's 01 trilonth of ti causing it to appear about 30 
e Honth of wat falling on each percent brighter I is unclear 
FEMONIM ocare mete of the antenna Dave Gottschalk | how much this woul allect the 


alien signals only would accom: ‘which is stunningly sensitive Crytal lake inois | tendency of dogs to hovl atthe 
pany the TV, radio, and radar 

signals that have broadcasted 

our existence for decades, 


‘Moon, ele, Would this have an 
appreciable effect on Earth's 
energy budget? I can't say pre 
cisely, but the Full Moon is 
about two-millionths as bright 
as the Sun and is only visible 
during part of the month, so 
the eflect would certainly be 
Jess than one millionth of the 
Sun's brightness. The Moon is 
‘ot, contrary to some reports, 
a significant source of lighting 


‘The Moon owes its black sy to not having an atmosphere that can scatter photons. The sky i so dark that an 
astronaut hiding from sunlight in ashadow would beable tose the stars. is: 


(about one ix, vs,50t0500 | years,0r300times shorter —a | _Bythat ime, the Milky Way | is some 100 times thinner 
Ix far indoor lighting but its | Loamie blink of an ee. wil have ceaed star production, | than our planet’ ther’ sil 
better than nothing during So,do M dwarfs ae smalls | andwhatrewainsvwillbealarge | enough ofl to case the ky to 
barre time cne-teath themass ofthe Sun, | population oflow-massbhie | appeara deep grayish be nd 
1est300 tineslongeor tel | dtarandammenapercot fading | ifmartian dust i whipped up 
oar ln years Infact they prob- | compact object brown darts, | by the tenuonsaurface winds 
Geen, Mayland | ably lve eer longer than that. | while dvarts and eeutron stars. | the ety turns salmon pink 
Stare the Sum only fse the | Eventually ven M dwarfs wll (nthe Moon, there i no 
Iixrogen present in their cores | runoutot hydrogen fecland | atmngphere so theres nothing 
QcASTRONOMERS KNOW | —about 10 percent of the otal become elim white dwarls, | to scatter photons, even from a 
THEFATE OF SUN-LIKEAND | supply—belore they evelve slowly cooing vith ine. The | billant source like the Sunn 
MASSIVE STARS, BUTWHAT | into red giant stars vniersewilbecome dark ex. | fact, Ifyou could find a. deep 
ABOUT THE MAJORITY OF M dwarfs, which have dense | ceptforthe rare brillant super- | enough shadow that shields 
STARS—THEM-CLASSRED | inlerlrs transfer heat from. novadrienbyawhite dwar | youreyes from direct sunlight 
DWARFS? WILLTHEY ALSO | caret surface through con- while dvarf calls. Low:mast | as well alight flected of the 
BECOMEGIANTS ORJUST | vecton, the sme process that -Mdvarfsarelitely tobe thelat_| surrounding terrain, yutd be 
FLICKER OUT? {ausesa boiling pot of water | repreenatves the universes | able to see the stars! 
titetterdn | roi, The iting motion of | current stella Theres another factor that 
Sen dnt | convection allows nearly all of ‘dan Borgsser| plays into images taken by the 
the hydrogen nan Mdwasfl0— UnestyotCafoma San igo | Apollo astronauts from the 
[As Theliftime fa staris the makeit through the core and Moon's surface, and that isthe 
period during which stably | fase nto helm, effectively lied dynarte range ofthe 
fuses hydrogen in ts coreand | doubling ls Mfetime, Accord- | Q:HOW/ISITTHATIN SPACE, | film used a record thet ut- 
aligns withthe man sequence | Ing tothe caleulaions, the DESPITETHESUN'S PRES- | face activites. The sunlight i 
tmcolorsgnitide diagrams. | smalle-mest tr, bout 8 ENCE,THESURROUNDINGS | so overwhelmingly bright thal 
‘The length ofthis period percent the mass ofthe Sun, LOOKBLACK? APOLLO PHO- | inorder to recon highlights, 
depends on astar’s bydcogen | could lst over 10tlion TOSSHOWABLACKSKY, | theshadows and sky had tobe 
supplyand therateal which | years,or 1,000 times longer —»«EVENWITH STRONG SUN- heavily underesposed 
inydrogenisturned tro helium | than the current age ofthe LiGHT ON THE SURFACE. eat Chester 
ia fuse winders Percival nley US navel Obst 
Like gas-guziing SUVS, ren when they deplete bosses West nes Washington De 
more maativeatarsmay con- | their hydrogen, moat M dwarfs 
tain more hydrogen fuel, but still won't become red giants; [At The answer lo this ques. _—— 
they wei up much ater instead, they'll evolve into tioncan besummed up intvo | Send us your 
beeause they are more hunt blue dwarfs. All fusing stars words: no atmosphere, questions 
nos (a tas hina is become more lursinots over Planetary atmospheres cause | Sega estinony 
equal othe rate of fasion timeas the depletion of hydro- bright light a setter. Atoms, petions va mato 
nergy production) enspeedsupthelenuelear | molecules, and dust interact Asastroaastronomy.com, 
‘Asaresll,theletines | reactant Asta adjusts to with photons causing them to | oe welte to Ask Asta, 
fore mastve sist are thisinereaed power output by | diffe through increalagly P.O. Box 1612, Washes 
thecter. While astronomers. | ether boosting surface area | dengelayersaathey near W1S31H7 Be suet tellus 
cepectoue Sun tohavea full | (becoming agian ar geting | bodys surface. On Fath, our | | yourfullnameard where 
Iyerogen-fusng Mespan ot | hatter (turning be). Madwarts | atmosphere preferentially scat- | _ youlve, Unertaneey we 
about bill years, astar | tale theater toute, or eather | tersblieligh so hedaytime | cannot answer ll queens 
10 times at massive asthe Sun | they will— several trllan sky appears blue. And although | submited, 
lasts only about 30 million eats fra nom Mara hasan atmosphere that 
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BY ADAM BLOCK 


When rejection 
is good, part 1 


‘The genesis for this column 


Observatory as part of an 
‘observing program I developed 
that ran from 1996 to 2005, 1 
spent countless hours manually 
removing these “vermin” from 
pictures while guests often fll 
asleep behind me. After al, 
guests expected to go home 
with pretty pictures by the end 
ofa night! As T used Photo- 
shop's “Clone” too! (and later 
the “Healing” brush), visitors 
often would be concerned that 1 
might erase a galaxy rather 
than a cosmic ray 

Nowadays, guests who visit, 
sme at the Mount Lemmon 


comes from my experience 
with image processing. When 
began digital photography in 
the early 1990s, most amateurs 
would take pictures totaling 
few minutes of exposure and 
add them together. These gray 
scale images far exceeded what 
could be accomplished with 
film in the same period of time. 
“More experienced imagers 
combined RGB-iltered images. 
However, the exposure times 
and number of frames collected 
remained small. Interestingly, 


imagers often would buy larger 
‘SkyCenter have a much better 

experience joining me in the 
processing of images. The 
tedium of removing cosmic 
rays isa thing of the past, In 
order to understand how this 
happened, you must under 
stand the nature of light and 
the power of statistics. Every 
lume we take an exposure, each 
pixel of the detector is making 
‘a measurement. When [take a 
20-minute exposure, the pic- 
tre that results has a single 
value for each pixel 

Because ofthe particle 
nature of light, the number of 
photons a CCD chip detects 
fluctuates with each exposure. 
the average intensity of a star 
‘on a specific pixel is 1,000 


instruments and more sensitive 
‘cameras before increasing the 
‘exposure duration and number. 

Later, the seemingly esoteric 
practices of image processing, 
done by professional astrono. 
mers, trickled down to the 
amateur realm through the 
inclusion of utilities in popular 
software, One such area isthe 
statistical analysis of data 
which permits the identifica- 
tion and management of 
unwanted sources of noise and 
signals. Before imaging soft- 
ware included these tools, it 
was extremely difficult to elim 
inate satellite trails, defects on 
chips, and cosmic rays 

When I accommodated visi 
tors at Kitt Peak National 


FROM OUR INBOX 


Corrections 
‘On p. 55 of the September issue, the upper-right photo was eap- 
tioned as Ireland. It yas, instead, London. — Astronomy Editors 


(On p. 16 of the December issue, under “Cosmic Work 
Brandon Smith was listed as a congressman from Kentucky. 
Hei actually a Kentucky state senator. — Astronomy Editors 


We welcome your comments at Astronomy Letters P.O, Box 1612, 
Wioukesho, WI 53187; or email to letters@astronomy.com, Please 
‘Include your name city state, and country Letters may be edited for 
space and clarity. 


counts (brightness units), then 
in the first exposure I might 
measure 943 counts and in the 
next exposure it may be 1,07 
counts, So, fT take enough 
exposures and average them 
together, the resulting value 
will bea good approximation of 
the intensity. Unfortunately, we 
never know what this average 
value should be beforehand, 
That's why we need to make 
‘many measurements to find the 
average (or mean) value. 
Image #1 graphically shows 
an analog to these fluctuations 
In Photoshop, I tooka simple 
column of six pixels that dis 
play a low-contrast patra (a 
mere two shades of gray) and 
applied “Add Noise” to imitate 
Actuations. After generating 
11 pseudo-measurements, 
then created the column labeled 
“Average.” Note that you would 
bye hard-pressed to identify the 
expected pattern from any indi 
vidual rows, Only afte averag- 
ing the results does it start to 
approximate the “Ideal” form, 
Image #2 shows a real-world 
example. The left side isa single 
‘measurement, and the right 
half i the average of 20 values 


at each pixel for a strange plan. 
‘etary nebula called Web 1 
Closer inspection shows some 


bright blips in the single expo: 
sure that are not in the average 
image. Most of these are cosmic 
rays, which represent values we 
‘do not want to include when 
calculating the mean of a set of 

Tn Image #3, a cosmic ray (@ 
white pixel) was part of the 
fiflh measurement. It contami 
nated the resulting mean value 
for that pixel, and it degrades 
the image quality. What we 
want to do is identify such out. 
lying values and not use them 
when calculating the mean. 

‘This means that forthe 20, 
values measured at a particular 
piselin the WeBo 1 image, fa 
‘cosmic ray activated that pixel, 
We should reject that value and 
calculate the mean from the 
remaining 19 values. This 
‘greatly improves the image 
quality and eliminates transient 
signals in our images 

In my next column, we will 
look at how to measure the 
average amount of fluctuation 
and then identify these outlying 
values. @ 


nage. Each column's picture of alow-convast aay 
objet. Because ofthe random fluctuations in values, we 
‘a dscern the pater nt we inc the average vale 
“The author ae sown the del vl inthe rght column, 


cima galaxy structures, 
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Image 2 The let mage le single 30-minute exposure of 
Planetary nebula WeBo 1 though a Hydrogen alpha fit, 
The nghtimageis the average of 20 exposures forthe 

‘mean value each pel. Note hw it eeals mare ofthe 


Image 8. dentiato the stipe, but here a white 
quate representing acosmicray sie degrades the 
Image qualty by affecting the mean vale that ie. To 
ew an online version of Wea I go tahtp/skycente. 
slaonaedulgalerynebulaWeBO 
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Video camera kit 
Astro-Video Systems 
Lake Worth, 
Astro-Video Systems’ MK IV CCD. 
video camera kit includes all the 
accessories youll need: cables, 
adapters, remote handbox, USB 
computer conteol, 12volt DC car 
adapter, and carry case. The 
camera offers an exposure 
range ftom Yuscoo second to 85 


seconds. 
Price: $499 Focuser motor 
Optec inc, Lowell, Michigan 
Optec's QuickSync FT Motors 


allow you to automate your 
FeatherTouch, Stellarvue, 
Takahash or TEC focuser while 
stillretaining the smooth, ne 
focus manual feel. The compa: 
ny’sconteoller hub operates the 
‘motor and features dual focuser 
«control, Wi-Fi capably, and 
smartphone apps. 

Price: startsat $335, 

In sss.ess.o381 

[I] wwrw.optecinccom 


Attention, manufacturers: To submit a product 
for this page, email mbakich@astronomy.com. 


Protective case 

Orion Telescopes & Binoculars 
Watsonville, California 

(Orion's Pro Pluck Foam 
Waterproof Accessory Case ets 
you organize your astronomy 
‘gear the way you want. The 
‘company makes each case from 
high-impact shockproof poly 
propylene and adds heavy-duty 
latches with secure ease tabs 
Price: $7299 t0 $92.99. 
{800.447.1001 

Iw] wwrtelescope.com 


Celestion Utima Duo 
Eyepiece offers 68"wide 
apparent fed of view and 20, 
millimeters of eye rele. con: 
tains eight optical elements in 
five groups, all of which are fully 
rmulticoated, The barrel has 
Integral 2mm Tadapter 
threads as well as internal 
threading to accept fiers, 
Price: $2995 

{310.328.9560 

[wu] wowceestron.com 


nomy,.com/equipment 


JOIN ASTRONOMY MAGAZINE'S 


AURORA ADVENTURE 


rOBER 
Experience a once-in-alifetime north 
interior with Astronomy magazine 


> 6nights of dark sky aurora view 


2015 


Norwegian coast and 
al. The trip includes: 


ectuesand night sky viewing 


‘with Astronomy staff 


> Guided tours by local experts 
present Sami culture And much more 


RESERVE YOUR SPOT TODAY! 


Visit www.astronomy.com/norway 
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ASTRONOMY.COM 


brings the sky above 
to you with these great 
subscriber-only benefi 


www.scopestuff.com 
512-259-9778 


www.lntoTheWind.com 


‘0 A Pat St Buker, 0 B02 (005414314 
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will be paid to the 
first person to disprove 
“The AP Theory” 


CONTEST RULES 
1. One theory cannot be used 


to disprove another theory 

2. All facts must be verified 
by an encyclopedia 

3. Must include successful 
experiments and specific 
details 

. One example in nature 
must be submitted 


Theory: www.aptheory:info 
Comments: 
aptheory@aptheory.info 


ASTRO-PHYSICS 


Dedicated to 
Craftsmanship! 


© Portability & 
Capacity 


lute Encoder 


Newt! 


Far West Texas Ranch For Sale 
Mome +/- 7240 Acres River Font Canyon Land 
Newly renovate ful fuished. Dak Ses, 


varus servation pons. 2,715,000, 
er mor nrmaton: 
‘www landsofamerica.com/member/53998 
‘orcall Lenk Real Estate 713-205-3801 


- 
j 

Fath 2 

www.SHELYAK.com 


The Parallizer™ 


Zr apenas 
Ahn Hs on hd a pat 


domesalesastrohaven.com 
949.215.3777 weww.astrohaven.com 


NEW 
STELLARVUE 


he Astronomy 
shop with a 
Difference” 


8 Bwww.khanscope.com 


StarGPS 


lug & Play” GPS for Vixen Starbook, 
‘AP-GTO, Meade, Celestron, Gemini, 


www.stargps.ca 


Build Your Own Sxs 


‘Custom Astronomical Adapter 
wwwprociseparts.com fae 


PRECISEPARTS, 


HOME-DOME AND P! 
apy OPSERVS 


‘Simplity your CCD imaging 


SP) Astrodon” — wmmeusncon 


INDEX of 
ADVERTISERS 


‘Adorama. 


Jewelry Designs for Men... 
Kennedy Space Center......00sec0-3 
Kan Scope Centre... B 


At Peak National Observatory. 
MalinCaMy ssoesestvesevenen 24 
Moonglw Technologies. 

Mr Strguy Vien ties... 
Northeast Atonomy Forum... 15.21 
Oberver 2 
‘Oceanside Photo Telescope 
Optic Wave Laboratories... 
Orin Telescopes & Binoculars 
Precis Pats. 
Rainbow Symphony ... 
Sanda Haddock 
Scopestuff. 
Seta nsrument sooo 
Smlation Curculm Corporation ...19 
Sytatcher- USA. 
Stange eare es 
Stelnwe : 
Superstars of Astronomy 
Technical novation oye 
Tele Vue Optics ne. 
‘he Teaching Company 
Vermonseope LLC. scsestvesese 28 
Woodland His Cameras Telescope ..19 
‘etree as 

pt 
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Hubble 
captures 
a unique 
moment 
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IMAGEWA\ TAKEN | VITH A SCOPE THAT 


wit AS2A SPRIT spl TWICE AS MUCH : 


4. - 


~~ % era the telescope cost more than 
‘uel as the Esprit but that’s not 


‘s much perfomance oho seo he 
_ Pa te ie? Take ose ok 


etfordable prices 
ire ar oher tings jou 

call be spend that money on: 

: Life's mount. Ora camera 
Or even realy, really sweet monster 

© fat-sereen television fst for fan 


* 
The Sh er line of 
Apo triplets 


re nyt ion cee 


(vee Rivers Foundation Volunteer 

«+ OTAM:! Sky atcher Esp. 100mm EDT 15:5 
(OTA2 Wora-cass 106mm U5 astograph * 
Mount: Takahashi uP 

ung On SSAC Manin tor 
(Camera: Canon 60a’ 

Exposure 98 ght ames @ 260 seconds dich. 2 

41 ark frames, 100 bias frames and 90 fat 
Processing: Phinsight Wenticl processing fo each mage. « 


a 
‘s 
Sky-Watcher USA 
Be amazed. 


For information on all f our products and services, orto tind an authorized Sky-Watcher USA dealer near you, just vist www.skywatcherusa.com. 
GW Don't forget to follow us on Facebook and Twitter! 


Vy the poe infis. dayou see twice * * 
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VENTURE INTO. 
DEEP SPACE 


Rowe-Ackermann Schmidt Astrograph 


Capturing impressive deop-sky astrolmages is easier than 
fever with Celestron’s naw Rowe-Ackermann Schmidt 
‘Astrograph, the perfect companion to today's top DSLR 
‘or astronomical CCD cameras. This fast, wide-field /2.2 
system helps you create better looking astraimages in a 
fraction of the time. The 70 mm optimized image circle 
accommodates even the largest CCD chips for pinpoint 
stars all the way to the edge of the sensor. 


|= 11-inch (/2.2 optical desigr 
images free of false color and. 
‘and field curvature. 

= Brass focuser bearing reduces image 

‘dual-speed 10:1 Feather Touch Micro Focus Kt 

provides the most precise focusing. 

= Quiet, high-output 12V Maglev fan decreases 
‘cooldown time, blocks dust, and provides optimal 
Airfiow through the optical tube. 

“+ Primary miror clutches lock in focus, while solid anodized 
‘aluminum dovetail minimizes tube-to-mount flexure. 

+ Common camera adapters are included for easy 
attachment to popular CCD and DSLR cameras. 


CELESTRON PREMIER SELECT DEALERS: 


eo ee ed 
a= 000206 wm acanncom OF Teas 0 HSE - apreon 

es N082- wonghadcan htc Pa- HOSES mats DISCOVER MORE AT 
Fa Cen 022m dings ALCAN ones 


nop = 20 celestron.com 


MARTIN GEORGE 


June 2015: Venus reaches its peak 


Few night-sky scenes can rival 
the proximity of two bright 
planets. And June brings one to 
remember when Venus encoun: 
ters Jupiter in the northwestern 
sky after sunset. 

Venus, the brighter of the 
‘two, has adorned the evening 
sky since the start of 2015, It 
has been pulling away from the 
Sun ever since and, on June 6, 
reaches greatest elongation, It 
‘then lies 45° east of our star 
and appears 20° above the 
horizon at the end of twilight. 
Venus continues to brighten all 
‘month, however, climbing from 
magnitude -4.4 to -46, 

‘As Venus’ orbital motion 
carries it closer to Earth, the 
inner planet grows larger while 
its phase diminishes, These 
changes show up through any 
telescope. If you target the 
world June I, you'll see a 
22°-diameter disk that’s a touch 
over halflit. By the 30th, Venus 
appears 32° across and barely 
‘one-thied lit 

‘Although Venus gleams 
about 10 times brighter than 
Jupiter, the solar system's larg- 
est planet outshines every star 
You can find Jupiter to Venus’ 
upper right. About 20° separate 
the two June 1, but the gap 
closes significantly as the 
‘month progresses. On the 30th, 
the divide has dropped to 0.5° 
— the Full Moon’s apparent 
diameter. The scene takes on 
added allure the evenings of 
June 20 and 21 when the wax- 
ing crescent Moon slides by. 

Ifyou compare the positions 
of Venus and Jupiter to the 
horizon each night, you'd think 
that Jupiter is the one making 
the big move. But relative to the 


background stars, which slip 
lower in the west each evening, 
Venus is the one on the march. 
It travels from eastern Gemini 
actos Cancer and into western 
Leo during June. In contrast, 
Jupiter drifts slowly from east 
fern Cancer to just across the 
border into Leo. 

Jupiter is always worth a 
look through a telescope, This 
‘month, its 34°-diameter disk 
should show plenty of detail 
Pay particular attention to the 
alternating series of light zones 
and darker belts, Also keep an 
eye on the planet’s four bright 
‘moons, which change positions 
from night to night and often 
hour to hous. 

‘Asif Venus and Jupiter 
‘weren't enough, the evening sky 
boasts a third planetary won- 
der, Saturn reached opposition 
and peak visibility in late May, 
and June sees the ringed planet 
high in the eastern sky after 
darkness falls It resides among. 
the background stars of eastern 
Libra, close to that constella 
tion's border with Scorpius. 
Saturn shines at magnitude 0.1, 
a full magnitude brighter than 
the Scorpion’ brightest star, 
‘Antares, which lies roughly 
10° to the planet’s southeast. 

Don't let the beautiful pair 
of planets in the northwest keep 
you from pointing your tele- 
scope towaed Saturn, The plan- 
et’ disk measures 18" across at 
‘midmonth while the rings span 
42° and tilt 24° to our line of 
sight, The rings’ angle makes it 
relatively easy to see the Cassini 
Division, the dark gap that sep- 
arates the outer A ring from the 
brighter B ring, even through 
small instruments, 


Mercury becomes a morn- 
ing object during the second 
hhalfof June. The innermost 
planet reaches greatest western 
‘elongation June 24, when it lies 
22 from the Sun and stands 
nearly 10° high in the east- 
northeast an hour before sun- 
rise, Mercury then shines at 
magnitude 0.5 and appears 
against the Hyades star cluster 
in Taurus. Through a telescope, 
the world appears 8" across and 
about one-third lit. 

‘Mars remains out of sight 
all month, passing behind the 
Sun from our point of view 
June 14, It will return to view 
before dawn in August. 


The starry sky 
In my early days inthe plane 
tarium profession, [often 
wowed audiences by showing 
them a gorgeous image ofthe 
silaxy NGC 2997 taken by 
renowned astrophotographer 
David Malin, This image 
helped introduce many astron- 
‘onuy enthusiasts to the spira’s 
rather inconspicuous host con 
stllation, Anti the Air Pump. 

“Antla appears high inthe 
west after darkness fll these 
June evenings. I les immedi- 
ately south of Hydra the Water 
Snake, but it is easiest to find 
by looking approximately mid. 
way between Sirius, the night 
sky's brightest tar, and Spica 
in Virgo. Although Antli’s 
brightest stars glow only at th 
magnitude, the constllation’s 
roughly triangular shape shows 
up under a dark sky. 

Many constellations beat 
litle resemblance tothe object, 
or creature they're named afte, 
and Atlas no exception 


Eighteenth-century French, 
astronomer Nicolas Louis de 
Lacaille created the constella 
tion to commemorate the air 
pump’s invention a century'ear 
lier, He frst depicted it asa sim. 
ple single-cylinder device ona 
planisphere he created in 1756. 

Lacaille originally named 
the constellation la Machine 
Preumatique, but he later 
changed it to Antlia Preu- 
matica, Later astronomers 
shortened it to Antla, 

NGC 2997 isa spiral galaxy 
located in western Antlia at a 
distance of roughly 50 million 
light-years. Glowing at 10th 
magnitude, it's not haed to spot 
in a 20-centimeter telescope on 
a dark night. 

‘Although several fainter 
{galaxies call Antlia home, I 
want to highlight two nice dou- 
ble stars. Delta (8) Antliae has 
magnitude 5.5 and 9.8 compo. 
nents separated by a relatively 
easy 11". And Zeta! (C) Antis 
the western member of a pair 
of 6th-magnitude stars near 
‘Anitlia’s western border with 
Pyxis. Focus in on Zeta! and 
you'll discover it is an attractive 
double whose stars glow at 
magnitude 6.2 and 6.8 across 
a divide of 

No matter how hard you try, 
‘you won't find stars labeled 
Beta (B) or Gamma (y) in this 
constellation, When the 
International Astronomical 
Union defined the constellation 
borders in 1928, Beta and 
Gamma ended up in neighbor- 
ing Hydra. Although Delta, 
also cataloged as SAO 178771, 
lurks just over the border, Beta 
(SAO 202901) lies several 
degrees inside Hydra. @ 


aos 
Bit ane 
posta VND 


° 
\* ss yy 


oP 


HOWTO USE THIS MAP: This map portrays 
the sky as seen near 30" south latitude, 
Located inside the border ae the four 
directions: north, south, east, and 
‘west. To fin stars, hold the map 
overhead and arientit so a 

direction label matches the 

ection you'e facing. 

The stars above the 

‘map’shorizon now 

‘match what's 

Inthe sky. 


Stats true colors 
« depend on surface 
temperature. Hot 

stars glow blue sight- 

ly cooler ones, white; 

Intermediate stars ike 

the Sun, yellow; followed 

by orange and, ultimately, red. 
Fainter stars cant excite our eyes? 
«olor receptors, and so appear white 
‘without optical aid. 
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Calendar of events 
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The Moon passes 19° narth of 
Satur, 20h UT 


Full Moon occurs at 16hi9m UT 


Venusis at greatest eastern 
elongation 45"), 18h UT 


Asterid Ceres is stationary, 
2huT 


The Moon passes 3° north of 
Neptune, 3h UT 


Last Quarter Moon occurs at 
15ha2m UT 


The Moon sat perigee 
(369,711 klometers from Earth), 
4hadm UT 

Mercury is stationary, 20h UT 


‘The Moon passes 0.5° south of 
Uranus, 20h UT 


Asteroid Pallas sat opposition, 
thuT 


Neptune is stationary, 20h UT 


Mars isin conjunction withthe 
Sun, 16h UT 


15 The Moon passes 004° south of 
Mercury, 2UT 


The Moon passes 1.0° north of 
‘Aldebaran, 12h UT 


16 New Moon occurs at 14h0Sm UT 


20 The Moon passes 6° south of 
Venus, Wh UT 


21: The Moon passes 5° south of 
Jupiter, Oh UT 


Winter solstice occurs at 
‘6h38m UT 


23 The Moon sat apogee 
(404,132 kilometers rom Earth), 
‘7k0om UT 


24 Mercury passes 2 north of 
‘Aldebaran, 8h UT 


First Quarter Moon occurs at 
‘tho3m UT 


Mercury is at greatest western 
elongation (22°, 17h UT 


29 The Moon passes 2° north of 
Saturn, FhUT 


REGISTERED USERS GET EXCLUSIVE ACCESS! 


_ Enjoy MORE from: “Astronomy 
when you register online! 
+ Get a weekly email newsletter featurin 
reader gallery, and sky events. 
+ Submit your photos and be inspii 


- Watch exclusive videos orobse! 
cutting-edge science, and more. 


+ Comment on articles and shi 


ING 2 


Newton's apple: Edison's 'S lightbulb. 


| — orca 800-829-9132 


Available in print or digital format. 


